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1  Objectives of the Habilitation Thesis

This habilitation thesis is structured as a collection of previously published papers,
reflecting the author’s long-term scientific work focused on individualizing care for
patients with endometrial cancer. The presented results were achieved primarily
during her tenure at the Department of Obstetrics and Gynecology, University Hospital
Brno and the Faculty of Medicine, Masaryk University, through both local unicentric
projects and international collaboration—particularly with the ENITEC group
(European Network of Individual Treatment in Endometrial Cancer), of which the

author is an active member.

The author’s research activities cover a broad range of topics related to endometrial
cancer. The publications selected for this thesis are grouped into four main thematic

areas:

e Diagnostic and Screening
Endometrial cancer is typically detected at an early stage due to early symptomatology.
This chapter aims to describe the role of ultrasound, endometrial biopsy, and other
diagnostic methods, as well as their potential for screening, based on the author's own

patient cohort.

¢ Molecular Classification and Prognostic Markers
The introduction of molecular classification into routine clinical practice has marked a
significant advancement in personalizing therapy for patients with endometrial
cancer. This chapter presents initial clinical experience with molecular profiling and
explores the potential utility of additional prognostic markers, even those not included

in the current classification systems.

e Lymph Node Staging
A major recent change in endometrial cancer management concerns lymph node
staging. The traditional approach of systematic pelvic and para-aortic

lymphadenectomy has been gradually replaced by sentinel lymph node biopsy. This



chapter provides an in-depth overview of this technique, including results from both

the author’s institution and a multicenter study.

e Predictive models
Modern technologies, including artificial intelligence, are increasingly being applied in
medicine; nevertheless, traditional mathematical models are still being developed to
personalize patient care. The final chapter introduces basic types of predictive models
used to estimate final pathology results, prognosis, and survival in patients with
endometrial cancer. It includes both the author’s team model and validation of an

existing one.



2 Introduction

Tumors of the uterine corpus, particularly endometrial carcinoma, remain among the
most common gynecological malignancies in developed countries, including the Czech
Republic, with an incidence of 37 per 100,000 women in 20221. The disease
predominantly affects women in the 6th and 7th decades of life. Due to the early onset
of symptoms, the majority of cases (67%) are diagnosed at stage I according to the
FIGO (International Federation of Gynecology and Obstetrics) classification, with
excellent five-year survival rates approaching 90%12. However, prognosis significantly
worsens in more advanced stages and in tumors exhibiting adverse prognostic

features.

Currently, there is no population-wide screening program for endometrial cancer. The
use of transvaginal ultrasound examination to assess endometrial thickness followed
by biopsy in asymptomatic women is not generally recommended, except for patients

with a genetic predisposition to endometrial carcinoma, specifically Lynch syndromes3.

Over the past decade, there has been a significant shift in the understanding of
endometrial carcinomas. It is now clear that the previously used simple didactic
division into two types (Type I 80-90%, estrogen-dependent,
endometrioid/mucinous type arising from hyperplastic endometrium; Type II: 10-
20%, estrogen-independent, non-endometrioid types arising from atrophic
endometrium)# is no longer adequate. The introduction of molecular classification has
led to the categorization of endometrial carcinomas into four prognostically distinct
groups, offering a more accurate reflection of tumor biology and patient prognosis.
Efforts are ongoing to refine further the classification of the largest and most

heterogeneous group - tumors with a non-specific molecular profile.

Significant advancements have also been made in the surgical treatment of uterine
tumors and lymph node staging. Systematic pelvic and para-aortic lymphadenectomy,
once a routine procedure, has been gradually replaced by the less invasive sentinel

lymph node biopsy, which has become the preferred approach. Emphasis is placed on



minimally invasive surgical techniques, now regarded as an important quality

indicator of surgical care in patients with endometrial carcinoma>.

10



3  Diagnostic and Screening

Due to its characteristic early symptomatology, endometrial carcinoma is most often
diagnosed at an early stage. Typical presenting symptoms include postmenopausal
bleeding and irregular or excessive menstrual bleeding in premenopausal women®”.
Less frequently, the disease may first present with signs of more advanced disease,
such as lower abdominal pain, abdominal discomfort, abdominal distension, or

constipation.

In a patient with abnormal uterine bleeding, in addition to a clinical gynecological
examination, a transvaginal ultrasound should be performed to assess the
endometrium, myometrium, cervix, and surrounding uterine structures in detail. For
ultrasound findings, the use of IETA (International Endometrial Tumor Analysis)
terminology is recommended?®. A thin, well-defined, homogeneous, hyperechogenic
endometrium measuring <3 mm on ultrasound has a negative predictive value of up to
99% for excluding endometrial carcinoma. In contrast, typical ultrasound features
suggestive of premalignant or malignant pathology include endometrial thickening,
disruption of the endomyometrial junction, myometrial or cervical invasion, and
abnormal tumor vascularization of Doppler imaging®. If a suspicious endometrial
lesion is observed, intrauterine pathology should be suspected, and an endometrial
biopsy (using a Pipelle device, dilation and curettage, or hysteroscopy) is indicated, as

it remains definitive diagnostic method.

Given the generally favorable prognosis of the disease, which is largely due to early
clinical symptoms (90% of patients)® and the predominance of less aggressive
histological types, endometrial carcinoma is not considered an ideal candidate for
population screening. While transvaginal ultrasound may seem to be a suitable non-
invasive method, it has very low specificity and results in an excessive number of
biopsies in asymptomatic women, potentially leading to complications. If considering
biopsy in asymptomatic women, a reasonable threshold has been defined: endometrial
thickness >11 mm, at which the risk of cancer is comparable to that of symptomatic
women with endometrial thickness of 4-5 mm!?. In the case of thinner endometrium

and no symptoms, biopsy should only be considered if high-risk ultrasound features
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are present (increased vascularization, disrupted endomyometrial junction, non-

uniform endometrium)11.

However, before performing an invasive procedure involving endometrial sampling, it
is important to keep in mind that no clear survival benefit has been demonstrated in
cases where carcinoma is detected in asymptomatic patients or shortly after the first

episode of bleeding!?-14,

Routine ultrasound-based screening for endometrial cancer in asymptomatic women
is not recommended, even in those with risk factors such as significant obesity,
metabolic syndrome, or polycystic ovary syndrome3. The exception is women with a
hereditary predisposition to endometrial cancer (primarily Lynch syndrome), in
whom annual transvaginal ultrasound (preferably by an expert sonographer) is
advised, along with annual to biennial endometrial biopsy starting at age 35. If
abnormal uterine bleeding occurs, biopsy should be performed regardless of the
surveillance schedule. These patients should also be offered prophylactic
hysterectomy with bilateral salpingo-oophorectomy after completing childbearing

(ideally by age 40), as a preventive measure against endometrial and ovarian cancers3.
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3.1 Vinklerova P, Felsinger M, Frydova S, Ovesna P, Hausnerova ], Weinberger V.
Je nalez hyperplazie ¢i polypu dutiny déloZni automatickou indikaci

k biopsii? Ces. Gynek., 2020, 85(2):84-93.

The clinical approach to endometrial pathology in the Czech Republic is distinct from
that of many other countries, particularly due to the widespread availability of high-
resolution ultrasound. As a result, asymptomatic women are frequently referred for
endometrial biopsy—often repeatedly—based on ultrasound findings such as

endometrial polyps or hyperplasia, despite the absence of clinical symptoms.

This retrospective study analyzed the primary indications for endometrial biopsy
referral at the Department of Gynecology and Obstetrics at University Hospital Brno,
in women over 50. We assessed the histological outcomes in relation to ultrasound
findings, with particular focus on the detection of premalignant or malignant
pathology. The sensitivity and specificity of ultrasound-detected hyperplasia and

polyps were evaluated, using various endometrial thickness and polyp size thresholds.

Our findings indicate that the detection of a polyp or endometrial hyperplasia on
ultrasound examination does not, in isolation, constitute an automatic indication for
histopathological verification. Ultrasound should be viewed as one component of a
broader diagnostic strategy—one that also accounts for clinical symptoms, patient
comorbidities, and procedural risks. These include the relatively frequent failure to

obtain a representative tissue sample for histological evaluation.

In postmenopausal women, any occurrence of bleeding or spotting was confirmed to
be a strong predictor of underlying premalignant or malignant pathology, independent
of endometrial thickness or polyp size. In contrast, asymptomatic patients with
incidental ultrasound findings may be more appropriately managed conservatively.
Biopsy can reasonably be deferred unless endometrial thickness exceeds 12 mm or
other high-risk features are present. In such cases, focal lesions should be addressed
using hysteroscopy, while blind dilatation and curettage should be reserved for
situations involving heavy uterine bleeding or clearly abnormal intrauterine

findings—such as a large-volume mass.

13



The study "Is the finding of endometrial hyperplasia or corporal polyp a mandatory
indication for biopsy?” was published in Ceskd gynekologie in 2020.

The author’s contribution: first author, conceptualization, methodology, data curation,

and manuscript writing - original draft.
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RETROSPEKTIVNI S

Je nalez hyperplazie ¢i polypu délozni
dutiny automatickou indikaci k biopsii?

Is the finding of endometrial hyperplasia or corporal polyp
an mandatory indication for biopsy?

84

Vinklerova P.', Felsinger M., Frydova S.2, Ovesna P.3, Hausnerova J.4, Weinberger V.

'Gynekologicko-porodnicka klinika FN a LF MU, Brno, prednosta doc. MUDr. V. Weinberger, Ph.D.
2| ékarska fakulta Masarykovy univerzity, Brno, rektor prof. MUDr. M. Repko, Ph.D.

*Institut biostatistiky a analyzy LF MU, Brno, vedouci prof. RNDr. L. Dusek, Ph.D.

“Ustav patologie FN a LF MU, Brno, pfednosta doc. MUDr. L. Kfen, Ph.D.

ABSTRACT

Objective: The aim of our study was to analyze a group
of patients referred for endometrial biopsy. To evaluate
the ultrasound finding of hyperplasia/polyp, the sympto-
matology of patients related to the result of definitive
histology, to determine the severity of individual varia-
bles in connection with the detection of precancerosis/
cancer. Due to the complexity of information identify
women who are suitable for conservative approach.
Design: Unicentric retrospective observational study.
Setting: Department of Obstetrics and Gynecology,
Masaryk University, University Hospital Brno.
Methods: All patients over 50 years who underwent
surgical endometrial biopsy at our department in the
period of 2017-2018 (n = 754) were included. We were
interested in reasons of indication, the age of patients
at the time of the procedure and at the menopause,
the presence of risk factors for development precan-
cerosis/cancer (hypertension, diabetes mellitus, using
of tamoxifen), number of deliveries and pregnancies,
symptomatology, the description of ultrasound scans,
the result of histology examination, peroperative and
postoperative complications.

Results: Perimenopause - the median of endometrial
thickness in both benign and malignant histology was
8 mm (p = 0.448), the median of the largest polyp
dimension was 18 mm. All patients with precance-
rosis/malignancy were symptomatic with irregular/
excessive bleeding, no carcinoma was found in polyp.

Postmenopause - the median of endometrial thickness
in benign histology was 7 mm versus 16 mm in precance-
rosis/malignancy (p < 0.001), the median of the largest
polyp dimension was the same in both histologies (13
mm, p = 0.274). The risk of malignancy was more than
threefold in bleeding versus asymptomatic patients
with both hyperplasia and polyp (OR 3.39, 3.79). In
asymptomatic patients the risk of cancer was similar for
selected cut-offs (5, 8 and 12 mm), statistically significant
only for 12 mm (OR 3.54), while in symptomatic patients
the risk was high for all cut-offs, however with wide
confidence intervals, statistically significant for cut-offs
of 8 mm (minimum 3.58) and 12 mm (minimum 4.94).
Conclusion: We have shown that symptomatology is
a strong risk factor for the presence of precancerosis/
malignancy in patients with endometrial hyperplasia or
polyp. The thickness of the endometrium or polyp size
in asymptomatic patients does not play a major role.
Ultrasound alone does not have sufficient accuracy
for detection or even screening of endometrial cancer.
We recommend a conservative procedure, monitoring
changes in the ultrasound scan and symptomatology
of the patient over time.

KEYWORDS

curettage, endometrial cancer, endometrial
hyperplasia, hysteroscopy, polyp, postmenopausal
bleeding

SOUHRN

Cil studie: Cilem nasi prace byla analyza souboru pacientek
doporucenych k biopsii endometria. Vyhodnotit ultrazvu-
kovy nélez hyperplazie/polypu, symptomatologii pacientek
v souvislosti s vysledky definitivni histologie, urcit miru
zdvaznosti jednotlivych proménnych v souvislosti s detekci
prekancerozy/karcinomu. Diky komplexnosti dat identifi-
kovat Zeny, které jsou vhodné pro konzervativni postup.

Typ studie: Unicentricka retrospektivni observaéni
studie.

Ndzev a sidlo pracovisté: Gynekologicko-porodnicka
klinika LF MU a FN Brno.

Metodika: Zafazeny byly vSechny pacientky ve véku
vy$$im nez 50 let, které podstoupily na nasi klinice
v obdobi let 2017-2018 operacni biopsii endometria
(n =754). Sledovali jsme dlvody indikace k biopsii, vék
pacientek v dobé zakroku a pri ndstupu menopauzy,

CESKA GYNEKOLOGIE 2020, 85, ¢. 2
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pritomnost rizikovych faktor( vzniku prekancerdzy/karci-
nomu délozniho téla (hypertenze, diabetes mellitus, uzi-
vani tamoxifenu), pocet porodu a téhotenstvi, symptomy,
ultrazvukovy popis délozni dutiny, vysledek histologického
vysetfeni, peroperacni a pooperacni komplikace.

Vysledky: Perimenopauza - median vysky endometria
u benigni i maligni histologie byl 8 mm (p = 0,448),
medidn nejvétsiho rozméru polypu byl 18 mm. Véechny
pacientky s prekancerdzou/malignitou byly sympto-
matické nepravidelnym/nadmérnym krvacenim, zadna
malignita nebyla nalezena v polypu. Postmenopauza
- median vysky endometria u benigni histologie
byl 7 mm oproti 16 mm pfi prekanceroze/malignité
(p < 0,001), medidn nejvétsiho rozméru polypu byl
u obou histologii shodny (13 mm, p = 0,274). Riziko
pfitomnosti malignity bylo vice nez trojnasobné pfi
krvdceni oproti asymptomatickym pacientkam v pfipadé
hyperplazie i polypu (OR 3,39; 3,79). U asymptoma-
tickych pacientek bylo riziko pfitomnosti karcinomu
obdobné pro vybrané cut-off (5, 8 a12 mm), statisticky

vyznamné pouze pro 12 mm (OR 3,54), zatimco u sym-
ptomatickych pacientek bylo riziko vysoké u vsech
cut-off, nicméné pri Sirokych intervalech spolehlivosti,
statisticky vyznamné pro cut-off 8 mm (minimalné 3,58)
a 12 mm (minimalné 4,94).

Zaveér: Prokazali jsme, ze symptomatologie je silnym
rizikovym faktorem pritomnosti prekancerdzy/malignity
u pacientek s ndlezem hyperplazie ¢i polypu endometria.
Samotna vyska endometria ¢i velikost polypu u asym-
ptomatickych pacientek nehraje hlavni roli. Ultrazvuk
sam o sobé nema dostatecnou presnost pro detekci, i
dokonce screening karcinomu endometria. Doporucujeme
konzervativni postup, sledovani zmén ultrazvukového
obrazu a symptomatologie pacientky v ¢ase.

KLICOVA sl

hyperplazie endometria, hysteroskopie, karcinom
endometria, korporalni polyp, postmenopauzalni
krvaceni, separovana abraze

Korespondujici autor: doc. MUDr. Vit Weinberger, Ph.D., e-mail: Weinbergervit@fnbrno.cz

uvoD

Hyperplazie endometria a korpordlni polyp jsou
pomérné bézné nalezy, které mizeme pomoci ul-
trazvukového (UZ) vySetfeni detekovat u 10-20 %
pacientek po menopauze (2, 11]. Vzhledem k do-
stupnosti ultrazvukového vySetfeni se dostavame
do situace, Ze jsou casto objeveny nahodné u asym-
ptomatické pacientky a pro obavy z malignity
indikovany k bioptické verifikaci. Zeny tak pod-
stupuji i opakované zakroky (separovana abraze
a/nebo hysteroskopie), které mohou v nékterych
pripadech vést k zdvaznym peroperacnim ¢i po-
opera¢nim komplikacim (iatrogenni perforace
délohy, poranéni okolnich organt, krvaceni, in-
fekce, fluid-overload syndrom, anesteziologické
komplikace atd. [6, 11]).

Pfi popisu endometria v UZ obraze vyuzivame
terminologii navrzenou mezinarodni skupinou
pro endometridlni tumory IETA (International
Endometrial Tumor Analysis), ktera si dala za cil
sjednotit nazvoslovi pro lepsi reprodukovatelnost
nalezi pfedevsim pro ucely klinickych studii [12].
Kromé samotné vysky endometria popisujeme
echogenitu, heterogenitu, pravidelnost a neporu-
Senost endo-myometridlni junkce, vaskularizaci,
ptitomnosta charakter tekutiny v délozni dutiné.
Nékteré z téchto znakil nds mohou upozornit na
pritomnost maligniho procesu lépe nez pouha
detekce fokalni 1éze (polypu) ¢i méfeni vysky en-
dometria v UZ obraze [4].

Prumérna vy$ka endometria u postmeno-
pauzalnich Zen je 3-5 mm, o hyperplazii pak obvyk-
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le mluvime, pokud je sliznice > 5 mm [11, 15]. Pfi
této vySce endometria u symptomatické pacientky
jeriziko nadoru7 %, u pacientky asymptomatické
je srovnatelné riziko azZ pfi endometriu > 11 mm
[15]. Median vy$ky endometria u karcinomu je
17-20 mm a v 75-90 % pripadu se projevuje krvace-
nim nebo $pinénim [7, 15, 17]. V Ceské republice
neexistuje jednotné doporuceni zabyvajici se touto
problematikou, a vét$ina gynekologt se proto drzi
striktni hranice 5 mm nebo jedna empiricky. V do-
poruceném postupu pro ultrazvukovy staging kar-
cinomu endometria [7] autofi zminuji jen nutnost
bioptické verifikace pacientek s postmenopauzal-
nim krvacenim a endometriem nad 3 mm [6].

Polyp je definovan jako lokalizovana hypertro-
fie endometridlni tkané tvorena Zlazkami, stro-
matem a cévami obklopena epitelem [2]. Riziko
malignity v polypu se celkové udava kolem tfi pro-
cent (2, 16]. Vyrazné vyssi riziko je u Zen postme-
nopauzalnich (5 %) oproti premenopauzalnim (1 %)
a déle u pacientek s krvacenim ¢i Spinénim (5 %)
oproti asymptomatickym (2 %) [16]. Ani u polypu
neexistuje v Ceské republice jednotné doporuceni,
kdy jej biopticky ovéfovat, a ¢ast gynekologl ta-
kovou pacientku bez ohledu na symptomatologii
referuje k histologické verifikaci, druha ¢ast zvoli
empiricky konzervativni postup.

Cilem nasi prace bylo identifikovat divody, pro
které byly pacientky referovany na nasi kliniku
k bioptickému ovéfeni endometria. Vyhodnotili
jsme vysledky histologie z pohledu vyskytu pre-
kancerdzy a zhoubného nadoru délohy u perime-

2020,85,¢.2  CESKA GYNEKOLOGIE
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nopauzalnich a postmenopauzalnich pacientek ve
véku vy$$im nez 50 let. Z pohledu ultrazvukového
nalezu hyperplazie nebo polypu jsme zhodnotili
senzitivitu a specificitu pro vybrané cut-off vysky
endometria ¢i velikosti polypu v detekci prekan-
cerézy, karcinomu u asymptomatickych a sym-
ptomatickych pacientek. K nalezu prekancerézy
a karcinomu délozni dutiny jsme vztahli konkrétni
ultrazvukovy ndlez (hyperplazie/polyp) a zazname-
nali symptomatologii dané pacientky. Diky témto
kritériim a komplexnosti klinického obrazu jsme
se v zavéru pokusili identifikovat Zeny, které jsou
vhodné pro konzervativni postup - misto biopsie
pouhé sledovani zmény UZ obrazu v ¢ase a/nebo
vyckavani na klinické projevy.

Jedna se o retrospektivni studii, do které byly
zafazeny konsekutivné vSechny pacientky star$i
nez 50 let, které podstoupily separovanou abrazi
(SA) nebo hysteroskopii (HSK) od ledna 2017 do
prosince 2018 na Gynekologicko-porodnické klinice
FN Brno a LF MU. Pacientky byly rozdéleny do dvou
skupin. V prvni se jednalo o perimenopauzalni
Zeny, u kterych uplynulo méné nez rok od posledni
menstruace v dobé zakroku, a druhé skupina byly
postmenopauzalni Zzeny, u kterych ubéhl vice nez
rok od posledni menstruace v dobé zdkroku. U obou
skupin jsme sledovali diivody indikace k biopsii,
vék pacientek v dobé zakroku a v dobé menopauzy
(pouze u druhé skupiny), pfitomnost rizikovych
faktor vzniku prekancerézy a karcinomu délozni-
ho téla (hypertenze, diabetes mellitus, uzivani ta-
moxifenu), pofet porodil a téhotenstvi, symptomy
(krvaceni, Spinéni), UZ popis délozni dutiny (vyska
endometria, pritomnost polypu a jeho velikost),
vysledek histologického vySetfeni, peroperacni
a pooperacni komplikace.

Metodika pfedoperaéniho UZ vysetieni

Kazda pacientka podstoupila transvaginalni
ultrazvukové vySetfeni maximalné 21 dni pred pfi-
jetim na kliniku k provedeni hysteroskopie a/nebo
separované abraze. Ultrazvukové vySetfeni pro-
vadéli 1ékati s kmenem ¢i ukoncenou specializaci
v oboru gynekologie a porodnictvi v rdmci vySet-
feni pacientek na v§eobecné prijmové ambulanci.
Kazdé ultrazvukové vysetfeni bylo popsano v pi-
semné zprave, tyto zaznamy byly pouzity pro ana-
lyzu studie. Popisy ultrazvukového obrazu a zprava
z vySetfeni vychézely ze standardd uZivanych na
nasi klinice podle IETA terminologie [12]. BEhem
ultrazvukového vySetfeni byla déloha hodnocena
v sagitalni roviné (hrdlo - istmus - télo - fundus)
od jednoho rohu ke druhému a v transverzalnim
fezu od hrdla k fundu, byla hodnocena délozni du-
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tina, myometrium, cervix [7]. Za hyperplazii byla
oznacena vyska endometria v UZ obraze > 5 mm [11,
15]. Jako polyp byla oznacena fokdlni hypertrofie
endometrialni tkané rostouci exofyticky do délozni
dutiny a ohranicend od zbylého endometria [2, 7].

Sbér dat a statistické zhodnoceni

Veskerd klinicka data byla vyhledana pomo-
ci nemocnicniho informacniho systému AMIS
zambulantnich zdznamu a operac¢nich protokold,
shrnuta a vyjadfena pomoci absolutnich a rela-
tivnich Cetnosti vyskytu, v pfipadé spojitych dat
pak pomoci medianu a rozsahu nebo priméru se
smérodatnou odchylkou. Srovnani ¢etnosti katego-
rialnich proménnych bylo provedeno Fisherovym
exaktnim testem, rozdil ve spojitych parametrech
mezi pacientkami s benignim a malignim nalezem
byl posouzen Mannovym-Whitneyovym U testem.
Riziko pfitomnosti hodnocenych faktori bylo vy-
jadfeno pomoci poméru Sanci (OR, odds ratio)
vcetné 95% intervalu spolehlivosti (IS) a pfislusné
p-hodnoty. VSechny testy byly provedeny jako
oboustranné na hladiné vyznamnosti 5%o.

V letech 2017-2018 bylo na Cynekologicko-
porodnické klinice FN Brno a LF MU provedeno
celkem 1352 hysteroskopii a/nebo separovanych
abrazi. Z toho 754 (56 %) pacientek bylo starsich
nez 50 let a bylo zafazeno do studie.

Perimenopauza

Celkem 174 pacientek bylo zatazeno do sku-
piny perimenopauzalnich Zen, pramérny vék
52 let, z nich bylo 145 (83 %) symptomatickych.
Nejcastéjsimi diivody k biopsii v této skupiné zen
(graf1) bylo nepravidelné (n = 88; 51 %) nebo akut-
ni nadmérné krvaceni (n = 43; 25 %), dale pak SA
u asymptomatické (ve smyslu krvaceni/Spinéni)
pacientky pfed planovanou hysterektomii (n =24;
14 %), podezfeni na polyp (symptomaticky: n =11;
6 %; asymptomaticky: n = 6; 3 %), jina indikace
(n=2;1%). Histologicky se jednalo o benigni endo-
metrium (n =114; 65 %), polyp (n = 36; 21 %), myom
(n=4;2%), karcinom endometria (n=>5; 3 %), aty-
pickou hyperplazii (n = 2; 1 %), u jedné pacientky
se vyskytla kompletni mola (1 %) a u 12 (7 %) nebyl
ziskan hodnotitelny materidl. VSechny pacientky
s prekancerézou a karcinomem byly symptoma-
tické nepravidelnym nebo nadmérnym krvace-
nim. Median vy§ky endometria v UZ obraze u pa-
cientek s prekancerézou/malignitou byl shodny
s medianem u benignich nalezt (8§ mm vs. 8 mm,
p = 0,448). Median nejvétsiho rozmeéru polypu byl
18 mm, u zadné pacientky nebyla nalezena atypic-
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Graf 1 Perimenopauzalni pacientky - diivody k provedeni HSK/SA a vysledek histologie
Tab.1 Postmenopauzalni pacientky indikované k biopsii - charakteristika souboru

Vék
pramér £ SD 6587 64 +85 69+84 <0,001
Gravidita
Al POz 2 (0-1m) 2(0-9) 2 (0-1) 0,417
Parita
median (rozmezi) 2(0-5) 2(0=5) 2 (0-5) 0,460
Vék menopauzy
P 50 (40-60) 50 (40-60) 51,5 (40-58) 0,043
Hypertenze 346 (60 %) 226 (55 %) 68 (79 %) <0,001
Diabetes mellitus 102 (18 %) 59 (14 %) 27 31 %) <0,001
Tamoxifen 19 (3%) 13(3%) 2(2%) 1,000
Symptomy*** 268 (46 %) 177 (43 %) 61 (71%) <0,001
Vyska endometria (mm)
median (rozmezf) 8 (1-50) 8 (1-45) 15 (2-50) <0,001
Polyp podle UZ 189 (33 %) 140 (34 %) 23(27 %) 0,207
Nejvétsi rozmér polypu (mm)****
median (rozmezi) 133-42) 13(3-42) 13 (3-40) 0274
*cely soubor obsahuje i data pacientek, u kterych nebyl ziskan diagnostikovatelny material
**EIN fal ) = atypicka hy
***krvaceni nebo 3pinéni
****polyp detekovany UZ a potvrzeny histologicky
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Tab.2 Hyperplazie v UZ obraze - charakteristika UZ obrazu, vysledna histologie

Symptomaticka ~ i . -
hyperplazie 183 N (5-46) 116 (64 %) 50 (27 %) 17 (9 %)
Asymptamatic. | o 10 (5-45) 118 (74 %) 15(9 %) 26 (17 %)
hyperplazie o b b
p = 0,005 OR 3,391 (95% Cl: 1,.804-6,375); p < 0,001
$ 200 1 m Nediagnostikovatelny material
]
.§ 2805 B Prekanceréza/malignita
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Graf 2  Postmenopauzalni pacientky - divody k provedeni HSK/SA a vysledek histologie

ka hyperplazie/karcinom v polypu. Pfi hodnoceni
znamych rizikovych faktorti (hypertenze, diabetes
mellitus, uzivani tamoxifenu) nebyl statisticky
vyznamny rozdil mezi pacientkami s benigni his-
tologii a prekancerézou/malignitou.

Postmenopauza

Do skupiny postmenopauzalnich Zen bylo zara-
zeno 580 pacientek, pramérny vék 65 let, median
nastupu menopauzy 50 let, 268 (46 %) bylo sym-
ptomatickych. Podrobna charakteristika souboru
je uvedena v tabulce 1. Nejcastéj$§im divodem
k bioptické verifikaci (graf2) byla hyperplazie v UZ
obraze (n = 342; 59 %), dale polyp (n = 174; 30 %),
krvaceni pfi endometriu < 5 mm (n = 34; 6 %)
nebo jina indikace u asymptomatické pacientky
(n=30;5%).
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Nalez hyperplazie/polypu v UZ obraze - jejich rizi-
Kovost z pohledu vyskytu prekancerozy/malignity s ohle-
dem na Klinické projevy

U pacientek s hyperplazii v UZ obraze (tab. 2)
se uasymptomatickych (n =159) histologicky potvr-
dila prekanceréza/malignita v 15 pfipadech (9 %),
u symptomatickych (n = 183) to bylo v 50 (27 %)
pripadech. Symptomatické pacientky mély zvy-
Sené riziko vyskytu karcinomu vice nez tfikrat
(OR 3,39, 95% IS: 1,804-6.375; p < 0,001). Podle
ultrazvukového obrazu nalezu hyperplazie jsme
vypocitali senzitivitu a specificitu ultrazvuku
v detekci karcinomu pfi vySce endometria 5, 8
a 12 mm (tab. 3). U asymptomatickych pacien-
tek bylo riziko statisticky vyznamné az u cut-off
12 mm (3,54, 95% 1S: 1,186-10,587; p = 0,024).
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Tab.3 Senzitivita a specificita diagnostiky karcinomu endometria podle ultrazvuku pfi vybranych cut-off vyskach endometria
u pacientky asymptomatické a symptomatické; stanoveni rizika vyskytu malignity u pacientky v zavislosti na kombinaci ultrazvukové
hyperplazie a symptomatologie (OR)

Cut-off 25 =8 212
Asymptomaticka pacientka

Senzitivita (%) 100 87 60
Specificita (%) 38 52 86

OR 3,787 2,383 3,543

95% IS 0,214-66,954 0,510-1,131 1,186-10,587
p-hodnota 0,364 0269 0,024
Symptomatickd pacientka

Senzitivita (%) 100 94 86
Specificita (%) 24 48 Yl

OR 16,593 15374 11,886

95% 1S 0,985-279,569 3,584-65,949 4,935-28,627
p-hodnota 0,051 <0,001 <0,001

U symptomatickych pacientek bylo riziko vysoké
u vSech cut-off, ale pfi Sirokém intervalu spolehli-
vosti, statisticky vyznamné u cut-off 8 mm (15,37,
95%1S: 3,584-65,949; p< 0,001) a12 mm (11,88, 95%
IS: 4,935-28,627; p < 0,001).

V ptipadé polypu v UZ obraze (tab. 4) je zfej-
mé, ze symptomatické polypy byly statisticky vy-
znamné veétsi nez asymptomatické (p = 0,017).
U asymptomatickych pacientek s polypem
(n = 128) byla v 10 pripadech (8 %) potvrzena aty-
picka hyperplazie/karcinom, u symptomatickych
(n = 46) to bylo ve 12 ptipadech (26 %). Ve skupiné
symptomatickych pacientek bylo vice nez trojna-
sobné zvys$ené riziko (OR 3,79, 95% IS: 1,495-9,628;
p =0,005) nalezu karcinomu v polypu.

Prekanceréza/Karcinom - jeho ultrazvukovy obraz
a klinické projevy

Histologicky benigni nalezy ¢astéji korespondo-
valy s UZ nalezem niz§iho endometria nez ptipady,
kdy se jednalo o prekancerézu/malignitu (medidn
7vs. 16 mm, p < 0,001), 74 % pfipadil oproti 59 %
(p = 0,058) bylo doprovazeno krvacenim nebo $pi-
nénim (tab. 5). Histologicky se jednalo o atypickou
hyperplazii (n = 13; 15 %), karcinom endometria
(n =70; 80 %), metastazy do délohy (n = 2; 3 %),
sarkom (n = 1; 1 %), karcinom délozniho ¢ipku
n=1;1%).
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Median nejvétsiho rozméru benigniho polypu
byl 13 mm, stejny rozmér byl pak i v pfipadé aty-
pické hyperplazie/karcinomu v polypu (p = 0,274).
Karcinomy v polypu Castéji krvacely (p = 0,016).

Peroperacni a pooperac¢ni komplikace
zpluisobené biopsii endometria

Peroperacni komplikace se v obou skupinach
vyskytlau 13 pacientek (2 %) - ve Ctyfech pfipadech
byl vykon oznacen jako technicky naro¢ny a byl
privolan zkusSenéjsi 1ékat, trikrat doslo k perfo-
raci délohy, tfikrat byl vykon piedcasné ukon-
Cen pro riziko perforace, u dvou pacientek doslo
k poranéni ¢ipku a krvaceni, v jednom pripadé
doslo k anesteziologické komplikaci (netispé$na
intubace). Zavazné pooperacni komplikace jsme
nezaznamenali. Selhani metody ve smyslu ne-
ziskani diagnostikovatelného materialu bylo v 97
pripadech (13 %). U péti z téchto pacientek (5 %) byl
z definitivni histologie potvrzen karcinom, z toho
Ctyfi pacientky byly symptomatické a vSechny byly
postmenopauzalni.

DISKUSE

Hyperplazie a polyp endometria patfi k béznym
nalezim pfi ultrazvukovém vysetfeni, které se
vdnes$nidobé stalo soucasti pravidelné gynekologic-

2020,85,¢.2  CESKA GYNEKOLOGIE

89



CESKA GYNEKOLOGIE

ké prohlidky. Nejcastéjsim divodem k biopsii endo-
metria je obava z maligniho procesu, ale vzhledem
k Cetnosti vyskytu téchto patologii délozni dutiny
by snaha o bioptickou verifikaci vSech nalezt vedla
k neimérnému mnozstvi zakrokil a operacni zatézi
pacientek. Selekce piipadi vhodnych ke konzer-
vativhimu postupu je proto velmi aktualni téma.

V perimenopauze byly v naSem souboru vSech-
ny nalezy prekancerézy/karcinomu symptoma-
tické, nezaznamenali jsme jediny takovy nalez
v polypu. To podporuje zavéry metaanalyzy soubo-
ru vice nez 35 000 Zen [16], jejiz autofi doporucuji
premenopauzalni asymptomatické pacientky dis-
penzarizovat pomoci UZ a biopsii indikovat pouze
v pfipadé symptomatologie nebo infertility. U ma-
lych polypli mutiZe dojit ve 27 % pfipadti dokonce ke
spontanni regresi nalezu [9].

Postmenopauzalni pacientky s nilezem kar-
cinomu endometria v naSem souboru vykazovaly
znameé epidemiologické vlastnosti: vyssi vék, hy-
pertenze, cukrovka, byly vétSinou symptomatické
a snadlezem vys$siho endometria podle UZ (u vSech
p <0,001).

V roce 2004 byla vydana dosud nejvétsi meta-
analyza na kohorté 100 000 Zen ve véku vy$$im
nez 50 let, ve které autofi stanovili riziko vyskytu
karcinomu endometria vztazené k jeho vySce mé-
fené ultrazvukem jak u asymptomatickych, tak

symptomatickych Zen [15]. Jako optimalni cut-off
k selekci asymptomatickych postmenopauzalnich
pacientek ve vysokém riziku vyskytu malignity
(a tedy indikovanych k biopsii) stanovili vy$ku
endometria vice nez 11 mm (odpovidalo riziku
vyskytu karcinomu 6,7 %). Toto riziko je srovna-
telné s pacientkami, které jsou symptomatické
s endometriem nad 5 mm.

Nasledné vysla cela fada studii, ve kterych
se autofi snazi nalézt optimdlni hranici vysky
endometria rozdélujici pacientky na nizce a vysoce
rizikové. Zavéry téchto studii a z nich vyplyvajici
doporuceni se ¢asto velmi 1i§i. Od velmi striktniho
¢inského doporuceni referovat véechny postmeno-
pauzalni pacientky s endometriem > 5 mm nebo
polypem k hysteroskopii [10], pfes kanadské guide-
lines a dals$i studie doporucujici zminénou hranici
11 mm [1, 18], najdeme i autory, ktefi preferuji
konzervativni postup u vSech asymptomatickych
pacientek [8, 11].

V nasem souboru asymptomatickych postme-
nopauzalnich pacientek klesala senzitivita zachytu
karcinomu podle ultrazvukové hranice hyperplazie
S5mm, 8 mm a 12 mm ze 100 % na 87 %, respektive
60 %, pii narlstu specificity z 38 % na 52 % respekti-
ve 86 %. Riziko nalezu karcinomu pii asymptoma-
tické hyperplazii se nehledé na vysku endometria
vzasadé nemeénilo (OR 3,79; 2,38 a 3,54). Statisticky

Tab.4 Polyp v UZ obraze - charakteristika UZ obrazu, vysledna histologie

Symptomaticky polyp 46 19(3-42) 31(67 %) 12 (26 %) 3(7 %)
Asymptomaticky polyp | 128 12 (3-40) 98 (76 %) 10 (8 %) 20 (16 %)
OR 3,794 (95% 1S:1,495-9,628);
uw p=0,005

Tab.5 Vysledek histologie - charakteristika UZ obrazu, symptomatologie

Benigni polyp 264 13(3-42)

Benigni nalezy endometria 145 7 (1-45) 86 (59 %)
EIN, malignita 62 16 (6-50) <0,001 | 4574 %) 0.058
Nediagnostikovatelny material 84 7 (1-46) 29 (35 %)

91 (34 %)

EIN/malignita v polypu 25 13 (3-40)

0274 L

15 (60 %)
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vyznamné riziko bylo pouze u cut-off 12 mm
(p = 0,024). Oproti tomu u symptomatickych pa-
cientek bylo riziko vyskytu malignity dramaticky
vyssi (OR 16,59; 15,37 a 11,88), nicméné pifi velmi
Sirokych intervalech spolehlivosti. Statisticky vy-
znamné riziko bylo u cut-off 8 mm (minimalné
3,58) a2 mm (minimalné 4,93). Senzitivita detekce
karcinomu klesala ze 100 % pfes 94 % na 86 % a spe-
cificita stoupala z 24 % na 48 % a 71 %. Senzitivita
a specificita pro jednotlivé vysky endometria byla
v naSem souboru srovnatelna s dalS§imi studiemi
[15], ale hodnoceni rizika pro jednotlivé vysky en-
dometria stanovenim OR neni v literatufe k dis-
pozici. I pfesto, Ze az 90 % karcinomu se projevuje
krvacenim a riziko se dramaticky zvysSuje az praveé
se symptomatologii pacientky [7, 17], stdle jsou his-
tologicky ovéfovany i asymptomatické pacientky
ve snaze o brzky zachyt maligniho onemocnéni jes-
té pfed vznikem pfiznakili. Tento postup sice vede
k diagnostice vice pacientek v pocatecnim stadiu
onemocnéni (Tla stadium v 82 % u asymptomatic-
kych vs. 66 % u symptomatickych) a méné casté
indikaci adjuvantni radioterapie (31 % vs. 41 %),
nicméné v souboru 1607 pacientek s karcinomem
endometria nebyl shledan zadny statisticky vy-
znamny rozdil u pétiletého preziti bez recidivy
(79 % vs. 79 %), specifického preZiti (83 % vs. 82 %)
a celkového preziti (80 % vs. 77 %) [8]. Autofi studie
tak doporucujiindikovat bioptické vySetfeni pouze
u pacientek symptomatickych anebo pfi vyrazné
zméné UZ obrazu v Case.

V nasem souboru byla statisticky vyznamné
vétsi vyska endometria u symptomatické pacientky
(p = 0,005) za soucasné Castéjsiho nalezu karci-
nomu (p < 0,001). Symptomaticky polyp byl vétsi
nez asymptomaticky (p = 0,017), kdy ve skupiné
symptomatickych byl ndlez karcinomu castéjsi
(p=0,005). Z definitivni histologie ale nebyl shle-
dan rozdil mezi velikosti benigniho a maligniho
polypu (p = 0,274). Karcinomy se vyznamneé castéji
projevovaly krvacenim (p = 0,016). To je v souladu
se studii, kde se autoriim také nepodafil stanovit
cut-off velikosti polypu v UZ obraze pro diagnos-
tiku karcinomu [2]. Napfiklad Cavkaytar et al.
stanovili hranici velikosti polypu 11,5 mm, u které
byla pfi specificité 86 % senzitivita pouze 54 % [3].
Ferndndez-Para et al. dokonce prokazali, Ze nej-
vétsi riziko malignity v polypu je pii velikosti od
dvou do tfi centimetri a s dalsim riistem velikosti
pak riziko klesd [5]. Samotna velikost polypu velmi
pravdépodobné tedy nehraje zdsadniroli a je tfeba
prospektivné definovat relevantni UZ parametry
pro karcinom v polypu (obr. 1, 2).

Nedoporucujeme rutinné provadét biopsii endo-
metria u asymptomatickych pacientek s ne-
suspektnim ultrazvukovym obrazem pred pla-
novanou hysterektomii. V nasem souboru bylo
u perimenopauzalnich pacientek pfi této indikaci
nejcastéjsi selhani metody (aZ ve 29 % pripadi).
U pacientek referovanych k biopsii z jiného dii-
vodu, nez byl ndlez polypu ¢i hyperplazie (krva-
ceni pfi endometriu < 5 mm, SA pfed planovanou

0.98 cm

Obr.1 Degenerativné zménény polyp bez patologické vaskularizace - nesuspektni
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D1 0.73 an
D2 1.81 am
D1/2 40.19 %
Avg(D1,2) 1.27 am
Avg(All) 1.27 an

Obr.2 Hyperechogenni nepravidelné loZisko, fluidometra a hematometra - suspektni

hysterektomii u asymptomatické pacientky, SA
pii extrakci nitrodélozniho téliska, UZ obraz mu-
kometry), se Zaddna prekanceréza ¢i malignita
neobjevila.

Vyskyt peroperacnich komplikaci v nasem sou-
boru byl pomérné nizky a odpovida dolni hranici
rozmezi udavané v literature [6, 11]. Nicméné po-
kud bychom za komplikaci povazovali i selhani
metody ve smyslu neziskani diagnostikovatelného
materialu (v 79 % piipadl z pouhé SA bez HSK),
dostali bychom se az na 15 % komplikaci. V piipadé
loziskové 1éze podezrelé z malignity bychom tedy
iza cenu vétsi zatéZe pacientky méli indikovat HSK
s odbérem biopsie pod vizudlni kontrolou, kde je
mensi riziko selhani metody, a samostatnou SA
rezervovat pro pripady akutniho krvaceni [16].

Slabinou nasi studie je retrospektivni sbér dat,
ktera timto mohou byt neuplnd. Jedna se o data
z univerzitniho pracovisté, kde se na diagnostice
ioperacnich biopsiich podileji mladsi 1ékati v pri-
praveé na atestaci, coz miiZze mit negativni vliv na
kvalitu dat. Na druhou stranu tento pristup zcela
odpovida realné klinické praxi a situace, kdy by ty-
to Zeny byly vySetfeny expertnim sonografistou ¢i
biopsii provadél pouze atestovany lékart, jsou iluzi.
Vyhodou studie je pomérné velky pocet ptipadii za
pouhé dvaroky, s kompletnimi klinickymi, pato-
logickymi i ultrazvukovymi charakteristikami, coz
dava moznost do budoucna soubor rozsifit a zameé-
fit se na onkologické vysledky casné diagnostiky
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karcinomu endometria pomoci ultrazvuku a sym-
ptomatologie. Diky témto kritériim a komplex-
nosti klinického obrazu zpochybniujeme pausalni
indikaci biopsie délozni dutiny na zakladé rutin-
niho UZ vySetfeni bez ohledu na symptomatologii
pacientky. Ultrazvuk sdm o sobé nema dostatenou
presnost pro detekci karcinomu endometria a pro
screening tohoto onemocnéni neni dostate¢né spo-
lehlivy. Je nutné hledat nové metody pro casnou
a presnou diagnostiku tohoto zhoubného onemoc-
néni, které budou velmi pravdépodobné zalozeny
na detekci specifickych molekuldrné biologickych
markerll ze stéru pochvy, hrdla délohy ¢i odbéru
periferni krve pacientky [13, 14].

Nalez polypu a hyperplazie délozni dutiny na
ultrazvukovém vySetfeni nejsou automatickou
indikaci k bioptické verifikaci. Ultrazvuk neni
pfesnou metodou v diagnostice prekancerdzy a kar-
cinomu endometria. Je jen jednim dilem mozaiky,
ktera je sloZena z vysledki zobrazovaci metody, ze
symptomatologie, celkového zdravotniho stavu
s pfihlédnutim k rizikim zakroku, vcetné rela-
tivné vysokého procenta rizika selhani metody
z dlivodl neziskani dostate¢né reprezentativniho
materialu k histologické verifikaci. U postmeno-
pauzalnich pacientek jsme prokazali, ze krvaceni
nebo $pinéni je velmi silnym rizikovym faktorem
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pro pritomnost prekancerdzy ¢i malignity endome-
tria, a to v pfipadé podezfeni na hyperplaziii polyp
bez ohledu na jejich velikost. Ve skupiné perime-
nopauzalnich pacientek byly dokonce vSechny Zeny
s timto histologickym ndlezem symptomatické.
U vSech asymptomatickych pacientek doporu-
Cujeme zvazit konzervativni postup s pfihlédnutim
ke zdravotnimu stavu a pfipadnym rizikovym
faktorim, pfipadné provadét biopsii aZ u vysky
endometria 12 a vice mm. U lozZiskovych 1ézi by
metodou volby méla byt hysteroskopie a samo-
statna separovana abraze by méla byt rezervovana
pro pfipady silného krvaceni nebo jednoznacné
patologického ndlezu v délozni dutiné ve smyslu
pritomnosti velkoobjemového tumoru.

Price vznikla za podpory Ministerstva zdra-
votnictvi CR - RVO (FENBr 65269705).
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3.2 Koblizkova M, Bretova P, Felsinger M, Minar L, Bednarikova M, Weinberger V.
Faktory zvySujici riziko malignity pri nalezu endometrialniho polypu

v ultrazvukovém obraze. Ces. Gynek. 2024; 89(1): 44-51.

This article presents a comprehensive review of preoperative risk factors associated
with an increased likelihood of malignancy in endometrial polyps diagnosed by

ultrasound, intending to refine patient selection for endometrial biopsy.

Ultrasonographic features indicative of possible malignancy include a thickened
endometrium ranging from 11 to 26 mm, heterogeneous echogenicity, absence or
indistinct visualization of the endometrial midline, and an irregular endomyometrial
junction. Doppler imaging often reveals a high color score (3 to 4), corresponding to
increased vascularity, branching of vessels from one or multiple entry points, and an
overall inhomogeneous perfusion pattern. In contrast, a benign polyp typically appears
as a sharply demarcated, hyperechoic or mixed-echogenic lesion with a single

dominant feeding vessel without branching and a low color score.

Besides ultrasound features, the most significant clinical predictors of malignancy in
an endometrial polyp are abnormal uterine bleeding (particularly in postmenopausal
women), advanced age, particularly over 59 years, and elevated BMI. Another notable
risk factor is Lynch syndrome, which is associated with a lifelong elevated risk of
developing endometrial carcinoma. Other potential, yet inconsistently confirmed, risk
factors include polyp size, type 2 diabetes mellitus, positive family history, and
tamoxifen use. Histopathological examination remains the diagnostic gold standard for
distinguishing between benign and malignant lesions. Ultrasound serves as a critical
tool for guiding further diagnostic and therapeutic interventions, with its diagnostic
value significantly enhanced when interpreted in the context of the patient’s clinical

presentation and overall risk profile.
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Faktory zvysuijici riziko malignity pri nalezu
endometrialniho polypu v ultrazvukovém obraze

Ultrasound finding of endometrial polyp and factors increasing risk
of malignancy

M. Koblizkova', P. Bretova', M. Felsinger’, L. Mina§', M. Bednafikova?, V. Weinberger'

! Gynekologicko-porodnicka klinika LF MU a FN Brno
?Interni hematologickd a onkologické klinika LF MU a FN Brno

Souhrn: Cilem ¢lanku je pfinést uceleny prehled rizikovych faktori a jejich vztahu ke vzniku malignity endometria pfi ultrazvukovém nélezu
endometridlniho polypu. Piehledova prace byla vytvofena systematickym sbérem a tfidénim plvodnich praci, review a metaanalyz se vztahem
k problematice endometridlnich polypt a riziku pritomnosti malignity. Kazdy jednotlivy predpokladany rizikovy faktor byl samostatné podroben
rozboru literatury. V pfipadé abnormalniho délozniho krvaceni, vy$siho véku pacientky a hodnoty indexu télesné hmotnosti se vysledky
studii pomérné jednotné shoduiji na vysokém riziku pfitomnosti malignity v déloznim polypu. Vysoké riziko maji také pacientky s Lynchovym
syndromem. Co se tyce potencialnich rizikovych faktord, jako je pocet a velikost polypu, diabetes, hypertenze ¢i pozitivni rodinna anamnéza,
neni dostatek dat k jasnému zévéru a/nebo se publikované vysledky lisi.

Klicova slova: endometrialni polyp - rizikové faktory — karcinom endometria - velikost polypu - tamoxifen — abnormalni délozni krvaceni

Summary: This article presents a comprehensive review of factors that increase the risk of malignancy in ultrasound findings of an endometrial
polyp. We collected original studies, reviews, and meta-analyses that dealt with the topic of endometrial polyps and the risk of developing
endometrial cancer. Each presumed risk factor was analysed individually. According to searched studies, abnormal uterine bleeding, old age, and
body mass index are valid risk factors for developing endometrial cancer in endometrial polyps. Lynch syndrome patients are also in a high-risk
group for endometrial cancer. On the other hand, the number of polyps, their size, diabetes mellitus, hypertension, and positive family history

are factors with inconclusive results. There are either not enough data or different results among several studies.

Key words: endometrial polyp - risk factors — endometrial carcinoma - polyp size — tamoxifen — abnormal uterine bleeding

Uvod

Endometridlni polyp vznikad lokalnim
rastem endometridlni tkané skladajici
se ze zlazek, stromatu a cév endometria,
které jsou pokryty epitelidIni tkani. Je-
jich velikost se pohybuje od par milime-
trG do nékolika centimetrd. V délozni du-
tiné se mohou nachézet jednotlivé i ve
vétsim poctu [1]. Endometridlni polyp je
nejcastéjsim benignim pre- i postmeno-
pauzalnim patologickym nélezem v du-
tiné délozni. Polypy mohou byt klinicky
symptomatické i asymptomatické. Dle
studie IETA3 (International Endomet-
rial Tumor Analysis) publikované v roce

2022 byla u 1 745 asymptomatickych
pacientek (bez pfitomnosti postme-
nopauzalniho krvéaceni nebo krvaceni
mimo cyklus) incidence nélezu endome-
tridlniho polypu 58,9 % (66 % premeno-
pauzadlni, 52 % postmenopauzalni) [2].
Zakladni prebioptickou diagnostickou
metodou je transvaginalni ultrazvuk
(TVS). V pfipadé rozhodnuti o chirur-
gické 1é¢bé endometrialnich polypt je
zlatym standardem jejich resekce za po-
moci opera¢niho hysteroskopu [3].
Dosud prokazanymi rizikovymi faktory
pro vznik endometridlnich polypl jsou
vysoky vék, hypertenze, obezita, syn-

drom polycystickych ovarii, pozdni me-
nopauza, uzivani tamoxifenu a dalsi stavy
spojené s hyperestrinizmem (¢asna me-
narche, pozdni menopauza, nulliparita),
zatizend rodinnd anamnéza a geneticka
predispozice [3-5]. Tyto faktory se shoduji
s rizikovymi faktory vzniku karcinomu en-
dometria. Endometridlni karcinom (EC) je
nejcastéjsi gynekologicko-onkologické
onemocnéni v rozvinutych zemich [5].
V CR byla v roce 2021 incidence onemoc-
néni 35/100 000 osob [6]. V zavislosti na
jednotlivych rizikovych faktorech a jejich
kombinaci se prevalence vzniku EC u pre-
menopauzalnich i postmenopauzalnich
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Tab. 1. Srovnani vysledki studii zabyvajicich se abnormalnim ultrazvukovym
nalezem v dutiné délozni u post- i premenopauzalnich pacientek.

Tab. 1. A comparison of studies dealing with the uterine cavity abnormal ultra-
sound findings in post- and premenopausal patients.

Histopatologické nalezy

endometrialni polyp

polyp s atypickou hyperplazii
karcinom endometria

ostatni benigni nalezy

n - pocet

Zen v souvislosti s vyskytem polypu po-
hybuje v rozmezi 0,5-3 % [7-9]. Ve studii
Garudi et al. zamérené na pacientky s ul-
trazvukovym nalezem endometridlniho
polypu byla provedena hysteroskopicka

Garuti etal.[17],

Patrizi et al.[10],

n=1519 n=1020
% (n)

92,4 (1404) 83,5 (852)
1,1(17) 2,2(22)
1,0(15) 1,2(12)
55(83) 13,1(134)

polypektomie u 1 519 pacientek. Nélez
polypu bez atypii byl u 92,4 % (1 404) pa-
cientek.V 1,1 % (17) pfipadt byl nélez aty-
pického polypu s atypickou hyperplazii
av 1,0% (15) pfipadu nélez EC [3].

V roce 2022 byla uskute¢néna rozséhla
studie Patrizi et al., kdy byla provedena
hysteroskopie 1 020 pacientkdm s ab-
normélnim ultrazvukovym nélezem v du-
tiné délozni. Jednalo se o pacientky pre-
menopauzalni (403) i postmenopauzalni
(617). U premenopauzalnich pacien-
tek byl potvrzen v 90,0 % (399) benigni
nélez, kterym byl nejcastéji (v 77,4 %) en-
dometridIni polyp. EC se u dané skupiny
nevyskytl, v 1 % byl nalez atypické hy-
perplazie. V pfipadech postmenopauzal-
nich pacientek se benigni nalez vyskytl
u 95,1 % (587), kdy endometrialni polyp
byl pfitomen v 87,5 % pfipadl (540). EC
se nasel v 1,9 % (12) pfipadd, atypicka hy-
perplazie v 2,9 % (18) pripadu (tab. 1) [10].

Diagnéza benigniho polypu je sta-
novena definitivnim histologickym vy-

Tab. 2. Prehled pouzitych studii zabyvajicich se rizikovymi faktory vzniku endometrialniho karcinomu v polypu.
Tab. 2. An overview of studies dealing with risk factors for the endometrial cancer development in a polyp.

Autor Rok Zemé Design studie Pocet pacientek  Rizikovy faktor
Mbatsogo et al. [38] 2005 Francie retrospektivni 108 tamoxifen
Fernandes-Para et al. [16] 2006 Spanélsko retrospektivni 653 velikost polypu
Giordano etal. [33] 2007 Italie retrospektivni 6 henE
Ferazzi et al. [18] 2009 Italie retrospektivni multicentricka 1922 velikost polypu
Lee etal. [25] 2010 Jizni Korea retrospektivni 287 abnorr.nélni et
tamoxifen
5 o vék
Wethington et al. [1] 2011 USA retrospektivni 1011 e
Manchanda et al. [30] 2012 prospektivni 69 Lynchtv syndrom
Win et al. [26] 2015 USA metaanalyza 86 856 rodinnd anamnéza
Elfayomy et al. [35] 2015 Egypt prospektivni 150 BMI
A S vék
Beletal. [14] 2017 Francie retrospektivni 631 IR a5z
DM 2. typu
Ghoubara et al. [34] 2018 prospektivni 2625 BMI
tamoxifen
Garutietal.[17] 2019 Italie prospektivni 1436 ‘é;"lk“‘ Ralvel
Uglietti et al. [21] 2019 Itélie metaanalyza 35345 abnormalni délozni krvaceni
Yela et al. [39] 2019 Brazilie retrospektivni 675 tamoxifen
Vinklerova et al. [15] 2020 retrospektivni 754 velikost polypu
Wong etal. [11] 2021 prospektivni 240 \B,i/lkl
velikost polypu
Xuetal.[19] 2022 Cina retrospektivni multicentricka 16 020 vék
abnormalni délozni krvaceni
Patrizi et al. [10] 2022 Italie prospektivn{ 1020 g:/"‘l 2iUEE

BMI - index télesné hmotnosti, DM - diabetes mellitus, USA - Spojené staty americké, VB - Velka Britanie
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Setfenim. Jedna se oviem o invazivni
metodu, kterd ma svoje limity a rizika.
U nékterych pacientek neni technicky
mozné provedeni biopsie z dutiny dé-
lozni, u nékterych je samotny vykon
z divodi véaznych komorbidit kontra-
indikovany. V urcitém procentu bude
operacni zakrok nevytézny, nebot ne-
bude ziskano adekvéatni mnozstvi ma-
terialu pro histologické vysetfeni, a pfi-
tom obraz patologické léze v dutiné
délozni bude perzistovat. V téchto spe-
cifickych piipadech pfistupujeme k na-
lezu konzervativné a snazime se prova-
dét pravidelnda ultrazvukové vysetieni,
jejichz cilem bude odhalit zménu v ul-
trazvukovém obraze a dat ji do kore-
lace s ptipadnymi klinickymi projevy
pacientky [11].

Cilem ¢lanku je pfinést uceleny pre-
hled o moznych rizikovych faktorech
vzniku malignity v endometridlnim po-
lypu a jejich vyznamnosti. Kromé epi-
demiologickych rizikovych faktord
zminime i rizikové ultrazvukové charak-
teristiky, které byly definovény v ramci
terminologie IETA (International Endo-
metrial Tumor Analysis) [2,12,13]. Jedna
se o kritické informace, které slouzi
k adekvatni informovanosti pacientky,
pomohou lékafi v dal$im diagnosticko-
terapeutickém pfistupu a ve stanoveni
adekvatniho, na miru Sitého postupu.

Metodika

Jedna se o prehledovy ¢lének. K vyhle-
déni publikaci byly pouzity databaze
MEDLINE (PubMed) a EMBASE (ELSE-
VIER) za uziti klicovych hesel pro vyhle-
davani: endometrial polyp* AND risk*
AND (malignan* OR cancer OR carci-
nom*), polyp* AND endometrial* (ma-
lignan* OR cancer OR carcinom¥), risk
factor* AND endometrial (malignan* OR
cancer OR carcinom¥), tamoxifen AND
endometrial (malignan* OR cancer OR
carcinom®). Pouzity byly jednak ptvodni
préce, retrospektivni a prospektivni stu-
die a také review a metaanalyzy. Ze se-
sbiranych ¢lanka byly vyfazeny kazuis-
tiky (tab. 2).

Obr. 1. Endometrialni polyp cystického vzhledu u postmenopauzalni pacientky.
Fig. 1. Cystic endometrial polyp in postmenopausal patient.
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Obr. 2. Hyperechogenni homogenni endometrialni polyp u premenopauzalni

pacientky.

Fig. 2. Hyperechogenic homogenous endometrial polyp in premenopausal patient.

Rizikové faktory

Ultrazvukové charakteristiky
Vysetieni TVS zlepsilo nasi schopnost
spravné diagnostikovat intrauterinni ab-
normality a nastavit odpovidajici terapii.
V roce 2010 publikovala IETA konsenzus
sjednocujici nadzvoslovi a definice uzi-
vané pfi popisu endometria a délozni
dutiny za pouziti zobrazovacich metod -
ultrazvukové sonografie, color flow
dopplerovského méfeni a sonohystero-

grafie [12]. Endometridlni polyp je po-
pisovan pfi uziti TVS jako lokalizovany,
ostfe ohrani¢eny, hyperechogenni nebo
smisené echogenni Utvar s cystickou
strukturou (castéji v pfipadé postme-
nopauzalnich zen: 48 %, obr. 1), anebo
bez pfitomnosti cyst (vice u zen preme-
nopauzalnich: 64 %, obr. 2). V pfipadé
postmenopauzélnich zen se nezobra-
zuje stiedni linie (87 %). Kromé jednoho
pfipadu mély viechny polypy cévni
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Obr. 3. Zésobeni endometridlniho polypu z jedné pfivodné cévy bez vétveni.
Fig. 3. Single dominant vessel without branching of endometrial polyp.

Tab. 3. Ultrazvukové charakteristiky endometrialnich polypt u pacientek

s abnormalnim déloznim krvacenim dle Van den Bosch et al. [13]. Vysledky
uvedeny jako: % (%Cl).

Tab. 3. Ultrasound characteristics of endometrial polyps in patients with abnor-

mal uterine bleeding according to Van den Bosch et al. [13]. Results reported as:

% (%Cl).

Abnormalni délozni krvaceni
Endometrialni polyp pr P alni p P alni
lokalizovany 97 % (95-100) 95 % (92-98)
pendulujici 71 % (64-78) 72 % (66-78)
hyperechogenni 64 % (57-71) 27 % (22-33)
smisené echogenni s cystami 8% (4-12) 46 % (9-53)
ostfe ohranic¢eny 97 % (95-100) 92 % (89-96)

CS > 1, dominantni zasobni céva bez vétveni 85 % (79-91) 71 % (64-79)

CS - color score

Tab. 4. Ultrazvukové nalezy endometridlnich polypt u pacientek bez pfitom-
nosti abnormalniho délozniho krvacenim dle Heremans et al. [2].

Tab. 4. Ultrasound findings of endometrial polyps in patients without abnormal
uterine bleeding according to Heremans et al. [2].

Bez abnormalniho délozniho krvaceni

Endometridlni polyp pr pauzilni p pauzal
hyperechogenni 20% 24%
smi$ené echogenni 68 % 69 %
svétly okraj 80 % 51%
pravidelna endo — myometridlni junkce 95 % 79 %
©@51] 7% 43 %
CS > 1, dominantni zésobni céva bez vétveni 72% 38%

CS - color score

zasobeni tvofeno jednou dominantni
zasobujici cévou (obr. 3). Celkem 71 %
polypti pfi zobrazeni pomoci sonohyste-
rografie mélo pendulujici charakter [13].
Novéjsi studie Heremans et al. potvrzuje
charakteristiky typické pro nélez polypu
uvedené v predchozi studii. Vétsina en-
dometridlnich polypld ma pfitomnu
jednu dominantni zasobujici cévu s dal-
sim vétvenim, nebo bez néj. Pfi porov-
nani post- a premenopauzalnich zen byl
vyskyt polypl u postmenopauzélnich
Zen spojen s vyssim vyskytem tekutiny
v délozni dutiné, cystickym endomet-
riem a nizsim color score. Pokud srov-
name pripady s abnormalnim déloznim
krvacenim a bez néj, maji u asympto-
matickych zen polypy typicky smisené
echogenni charakter, svétly okraj, pra-
videlnou hranici endometria s myome-
triem, dominantni zasobujici cévu bez
vétveni a nizsi color score (tab. 3, 4) [2].
V dostupné literature a dosud publiko-
vanych pracich IETA group zabyvajicich
se terminologii a popisem ultrazvuko-
vych nélez(i neni jasné definovan popis
EC v polypu. V hodnoceni se proto vy-
chézi z charakteristik obrazu karcinomu
endometria (obr. 4), kde je endomet-
rium zesileno (11-26 mm) s heterogenni
echogenitou, nelze odlisit stfedovou
linii a je nepfehledna endomyometridlni
junkce. PFi vysetfeni pomoci dopplerov-
ského zobrazeni je vysoké color score
(3-4) s velkym mnozstvim cév vétvenych
z jednoho nebo vice vstupnich mist [9].

Velikost polypu

Rozméry endometridlnich polypl se
obecné pohybuji od nékolika milime-
tr( az po velmi objemné nélezy vypliu-
jici dutinu délozni a pfipadné i utlacujici
okolni myometrium. V mensi praci z na-
3eho pracovisté jsme neshledali signifi-
kantni rozdil mezi velikosti benigniho
a maligniho polypu (medidn nejvét-
siho rozméru polypu v obou skupinach
13mm; p = 0,274), coz je v souladu
i s nékterymi dalsimi studiemi, kde au-
tofi nenachéazi vhodny cut-off velikosti
polypu v UZ obraze pro diagnostiku kar-
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cinomu [14,15). Fernandez-Para et al. do-
konce prokazali, Ze nejvétsi riziko malig-
nity v polypu je pfi velikosti od 2 do 3cm
a s dalsim rastem velikosti pak riziko
klesa [16]. Dal3i autofi se snazi definovat
statisticky vyznamné rozdily v rozmé-
rech benignich a malignich nélez(, nic-
méné nenachazi spolec¢ny konsenzus.
Garuti et al. uvadéji primérnou velikost
polypt s nalezem atypické histologie
24,5mm v porovnani s polypy s nor-
malnim histologickym nalezem, kde se
velikost pohybuje okolo 17,3mm [17].
Retrospektivni multicentrickd stu-
die Ferrazzi et al. uvadi rozmér polypu
18 mm a vice jako statisticky vyznamny
faktor pro vyskyt abnormalni histologie
polypu [18]. Xu et al. popisuji primérny
rozmér benignich polypti 13,4 £ 7mm.
Primérné rozméry malignich polypu
uddvaji 19,1 + 10mm (tab. 5) [19].

Vék

Endometrialni polypy se u zen vyskytuji
ve viech vékovych skupinach [20]. Za-
timco pro premenopauzalni zeny je vy-
skyt polypu spise spojen s reproduk¢-
nimi problémy a malignita se objevuje
vzacné (1,1 %), postmenopauzalni sta-
tus zeny se stava vyznamnym rizikem
mozného maligniho zvratu (4,9 %) [21].
Analyza databaze 1 011 pacientek pub-
likovana Wethington et al. pracovala se
skupinou, kde primérny vék vyskytu po-
lypu byl 52 let. Endometridini karcinom
nebo atypické hyperplazie, vzniklé v sou-
vislosti s polypem, se diagnostikovaly
u 18 zen, piicemz 15 (83 %) z nich bylo

Obr. 4. Karcinom endometria - vysoké endometrium, nepravidelna endo-myo-
metralni junkce, bohaté cévni zasobeni (CS 4), vice cév z jednoho vstupu.
Fig. 4. Endometrial cancer - thick endometrium, irregular endo-myometrial junc-
tion, abundant color flow (CS 4), multiple vessels with multifocal origin.

starsich 50 let. Pokud tato data vztdhneme
k celé kohorté zkoumanych pacientek, vy-
skyt atypické hyperplazie a karcinomu en-
dometria je u Zen < 50 let 0,7 %, zatimco
u zen > 50 let bylo detekovano 5,1 % pfi-
padu [1]. Podle Bel et al. je vyznamna vé-
kova hranice rizika vzniku malignity 59 let.
Pfi dosazeni tohoto véku se riziko rapidné
zvysuje, ale dale jiz s narustajicim vékem
nestoupd. A zatimco u pacientek mlad-
sich 59 let nebyl prokazan vztah abnor-
maélniho délozniho krvaceni s vys$sim rizi-
kem vzniku malignity, u Zzen po 59. roku je
s preexistujicim postmenopauzalnim dé-
loznim krvacenim spojeno az 12,3% ri-
ziko maligniho zvratu [14]. Autor Wong et

al. ve své 5leté retrospektivni studii uva-
déji vyznamny faktor pro maligni zvrat vé-
kovou skupinu > 60 let [9]. Retrospektivni
studie Xu et al. sesbirala data 16 020 pa-
cientek (2001-2018). Zavérem studie byl
poznatek, ze vék jako rizikovy faktor u pa-
cientek s benignim a malignim nélezem
polypu neni statisticky signifikantni, nic-
méné pacientky s benignim nalezem
byly pramérné mladsi (41,9 + 11,5 let)
oproti pacientkdm s malignim nalezem
(533+11,6let) [19].

Abnormalni délozni krvaceni
Abnormélni délozni krvaceni, ze-
jména silné a nepravidelné menstrua¢ni

Tab. 5. Rozméry polypt vztazeny k histologickému nalezu. Vysledky uvedeny jako: primér (min.-max.).
Tab. 5. Size of polyps related to histological findings. Results reported as: mean (Min.-Max.).

Studie Rozméry polypu P
benigni nalez (mm) maligni nalez (mm)
Ferndndes-Para et al. [16] 20 (1-50) 20 (10-40) NS
Ferazzietal.[18] 11(8-18) 19 (16-23) 0,0002
Garutietal.[17] 17 (9-25) 24 (1-48) 0
Vinklerova etal. [15] 13 (3-42) 13 (3-40) 0,274
Xuetal.[19] 13 (6-20) 19 (9-29) < 0,001
p - hodnota
48 Ceska Gynekol 2024; 89(1): 44-51
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a postmenopauzalni krvaceni, patfi mezi
Jred flags” symptomy mozného déloz-
niho nebo cervikalniho karcinomu [22].
U postmenopauzalnich zen s krvacenim
je v zavislosti na véku a dalsich rizikovych
faktorech riziko pfitomnosti karcinomu
endometria az 10 % [23]. Endometrialni
polypy bez pritomnosti malignity nacha-
zime u 10-30 % Zen s abnormalnim déloz-
nim krvécenim [24]. Dle systematické re-
view Lee etal. je pfitomnost endometrialni
malignity v polypu u 4,5 % zen s déloznim
krvacenim a pouze u 1,5 % asymptoma-
tickych pacientek [25]. Jiz dfive zminéna
publikace Wethington et al. uvadi vyskyt
atypické hyperplazie a EC v 18 piipadech.
U 11 pacientek se projevilo atypické va-
gindlni krvéaceni (u ctyf nebyla sympto-
matologie uvedena). Vztazeno na celou
kohortu - atypicka hyperplazie a EC aso-
ciovany s pfitomnosti polypu se vyskytly
ve 2,2 % pacientek s krvacenim v porov-
nani s 1,2 % pacientek bez délozniho kr-
vaceni [1]. Velka metaanalyza 51 studii
s vice nez 35 tisici pacientkami autor(
Uglietti et al. popisuje zvysené riziko kar-
cinomu u symptomatickych pacientek
(5,1 %) oproti asymptomatickym (1,9 %;
p < 0,001), ale s velkymi rozdily mezi jed-
notlivymi publikacemi [21]. Nové publiko-
vana retrospektivni studie Xu et al. popi-
suje incidenci abnormalniho délozniho
krvéceni ve skupiné s benignim nalezem
polypu vyznamné nizsi (35,1 %) v porov-
nani s malignim nalezem v terénu polypu
(82,2 %) [19].

Rodinna anamnéza

Rodinnd anamnéza je nutnou soucasti
kazdého vysetieni pacientky. Tyka se
kompletnich udaji o zdravotnim stavu
pacienta, o morbidité a mortalité v ro-
diné. Nékteré studie uvedené v metaa-
nalyze Win et al. prezentuji zvysené ri-
ziko vzniku endometridlni malignity
u pacientek s postizenou alespon jed-
nou prvostupiovou pfibuznou (matka,
sestra, dcera), ale konkrétni hodnota ri-
zika se v ramci studii lisi. Ke vztahu en-
dometridlni polyp - endometridlni ma-
lignita - rodinnd anamnéza se studie

vibec nevyjadfuji [26]. Bel et al. ve své
retrospektivni studii uvadéji, ze rodinna
anamnéza se zaméfenim na prvostup-
nové pribuzné se jevi statisticky nesigni-
fikantni. Pouze v kombinaci s dalsimi fak-
tory (studie neuvadi konkrétni pripady)
se stava statisticky vyznamnou [14].
Dulezitou kapitolou jsou pacientky
s Lynchovym syndromem. Jednéd se o au-
tozomélné dominantné dédi¢né one-
mocnéni zplsobené mutacemi mis-
tmatch repair gent DNA zarodecnych
bunék. Se stanovenim této diagndzy
souvisi zvysené riziko pro rozvoj nado-
rovych onemocnéni nejcastéji v oblasti
kolorektalni a endometrialni oblasti [27].
Pacientky s Lynchovym syndromem maji
celozivotni riziko vzniku endometrial-
niho karcinomu 40-60 % [28]. V ¢astych
pripadech byva diagnéza Lynchova syn-
dromu stanovena pravé az na zakladé
vyskytu malignity. EC je nejcastéjsi ex-
traintestinalni karcinom vznikajici v sou-
vislosti s timto syndromem [29]. V pro-
spektivni observacni studii Manchansa
et al. provadéli ultrazvukové a hystero-
skopické sledovani 69 pacientek s Lyn-
chovym syndromem s cilem porovnat
obé metody a jejich vytéznost za po-
moci histopatologické verifikace. U Sesti
Zen (10 %) byl nélez endometridlniho po-
lypu, z nichz pouze u jedné pacientky byl
v polypu nalezen adenokarcinom [30]. Pa-
cientky s Lynchovym syndromem jsou
jedind skupina Zen, kde je dle evrop-
skych guidelines doporuceny UZ scree-
ning se zaméfenim na patologii endo-
metria i v pfipadé absence abnormalniho
krvéaceni. Transvaginalni ultrazvuk (prefe-
rencné expertnim sonografistou) by mél
byt proveden jednou ro¢né a od 35 let by
mély pacientky podstoupit jednou za 1 rok
nebo jednou za 2 roky biopsii endometria
pipelou nebo hysteroskopii. Pfi abnormal-
nim déloznim krvéceni je namisté prove-
deni biopsie i mimo tento interval [31].

Diabetes mellitus 2. typu

aindex télesné hmotnosti

Diabetes mellitus 2. typu je systémové
metabolické onemocnéni, jehoz inci-

dence v poslednich desetiletich na-
rustd. Spolecné s obezitou se fadi mezi
civiliza¢ni choroby a rizikové faktory pro
vznik nddorovych onemocnéni [32]. Ve
studii Giardano et al. uvadéji, ze vétsina
pacientek s malignim endometrialnim
polypem méla néktery z rizikovych fak-
tord pro rozvoj endometrialniho karci-
nomu - hypertenze, obezita, estrogenni
hormonalni terapie. Neni viak uvedeno,
kolik pacientek s nalezem benigniho po-
lypu také patfilo do rizikové skupiny pro
jeden nebo vice pfitomnych rizikovych
faktort [33]. Studie Ghoubara et al. sle-
dujici rizikové faktory malignizace po-
lypu u krvacejicich postmenopauzalnich
zen dodla k zévéru, ze diabetes u téchto
pacientek nepatfi k vyznamnému rizi-
kovému faktoru [34]. Observaéni studie
Patrizi et al. sledujici celkem 1 020 pa-
cientek popisuje celkem 34 pacientek
s atypickou hyperplazii nebo karcino-
mem endometria. U 26 z nich (89 %) byl
pfi hysteroskopickém vysetieni nalezen
polyp. Nésledné histologické dosetreni
potvrdilo atypicky nélez u deseti polypt
(30,3 %). Z celkového poctu pacien-
tek s atypickou hyperplazii nebo kar-
cinomem endometria bylo osm (24 %)
sledovano pro diabetes mellitus. Pa-
cientky s benignim nélezem (986) mély
diagnostikovany polyp v 758 pfipadech
(92 %). Léc¢eno pro diabetes mellitus
bylo 77 pacientek (8 %) [10].

Garuti et al. ve své studii definuji cut-
-off BMI (index télesné hmotnosti)
25,3kg/m? jako hodnotu, od které
se dalsi narGst BMI stava signifikant-
nim rizikovym faktorem pfitomnosti
EC [17]. Elfayomy et al. v prospektivni
observacni studii uvadéji obezitu az
s BMI > 30kg/m? jako statisticky vyznam-
nou [35]. Tuto hodnotu (BMI = 30 kg/m?)
jako vyznamny rizikovy faktor potvrzuji
Wong et al. ve své 5leté retrospektivni
studii [9]. Podle jiz zminéné observacni
studie Patrizi et al. sledujici 1 020 pa-
cientek narusta riziko pro vznik maligni
léze s rostoucim BMI, nicméné statis-
ticky vyznamnym se stava az pfi prekro-
¢eni hodnoty BMI > 40 kg/m? [10]. V pro-
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spektivni studii Ghoubara et al. sledujici
Zeny s postmenopauzéalnim krvéacenim
dochazeji k zavéru, ze BMI se stava signi-
fikantnim rizikovym faktorem pfi prekro-
ceni hodnoty 32,5kg/m? [34].

Uzivani tamoxifenu

Tamoxifen, antagonista nesteroidnich
receptort, je nejcastéji uzivany Iék pro
hormonalni lé¢bu estrogen receptor
pozitivniho karcinomu prsu [36]. V né-
kterych studiich je uvadéno uzivani ta-
moxifenu jako rizikovy faktor vzniku
objemnych endometridlnich benig-
nich polypd [37], nicméné na uzivani
tamoxifenu a jeho vliv na vznik malig-
nity v terénu endometridlniho polypu
neni dosud jednotny konsenzus. Né-
které starsi prace radi uzivani tamoxi-
fenu mezi rizikové faktory, jako napf.
francouzské review autora Mbatsogo,
které uvadi maligni transformaci u 4,6 %
endometridlnich polypt pacientek pod-
stupujicich 1é¢bu tamoxifenem pro kar-
cinom prsu [38]. Novéjsi studie se kloni
spise ke statistické nevyznamnosti uzi-
vani tamoxifenu. Pfi sledovani postme-
nopauzélniho krvéaceni u Zen s endome-
tridlnimi polypy uvadéji Ghoubara et al.
ve své prospektivni praci uzivani tamo-
xifenu jako nevyznamné [34]. Ve studii
Garuti et al. uzivalo 2,5 % z celkového
poctu pacientek tamoxifen (38/1 481).
Garudi et al. dochazeji k zévéru, ze vliv
uzivani tamoxifenu se jevi pro riziko
vzniku endometridlniho karcinomu na
podkladé polypu jako statisticky nevy-
znamné [17]. Yela et al. ve své retrospek-
tivni studii probihajici 5 let (2010-2015)
pozoruje 675 Zen uzivajicich tamoxifen
pfi ndlezu endometridlniho polypu. Dle
vysledkd studie neni uzivani tamoxifenu
faktor spojeny s vétsi prevalenci endo-
metridlni malignity u téchto zen [39].

Zavér

Tento clanek pfinasi uceleny prehled
a rozbor predpokladanych rizikovych
faktord, které mohou prispivat k malig-
nimu zvratu pfi ultrazvukovém nalezu
endometridlniho polypu. Nazory na né-

které faktory se v jednotlivych studiich
lisi. V ptipadé rozméru polypu jsou po-
znatky studii velmi rozdilné a v posled-
nich letech se této problematice ne-
vénuje mnoho pozornosti. Informace
o rodinné anamnéze se sledovaly jen
v malém mnozstvi studii, a je tedy pouze
omezené mnozstvi dat. Jako vyznamna
se predpoklada pozitivni anamnéza
v piipadé prvostupnovych pfibuznych.
| zde neni jednoznacné prokézana mira
vyznamnosti a ovlivnéni dalsimi faktory,
proto nelze vyvodit jasné zavéry. Vyjim-
kou jsou pacientky s Lynchovym syndro-
mem, coz je vyznamny rizikovy faktor,
a pacientky je potreba peclivé dispen-
zarizovat. Dal$im faktorem, kde panuje
nejednotny nézor, je pfitomnost diabe-
tes mellitus. Jen mélo studii pfistupuje
k diabetu jako k jednotlivému faktoru.
Vétsinou je posuzovan multifaktorialné
spolu s dalsimi internimi komorbidi-
tami pritomnymi u pacientek, jako napf.
hypertenze a obezita. Pokud bychom
chtéli riziko blize specifikovat, bylo by
potieba se témto faktoriim vénovat jed-
notlivé a ziskat vétsi mnozstvi dat. V pfi-
padé abnormaélniho délozniho krvaceni
se vysledky studii pomérné jednotné
shoduji na pfitomnosti vyznamného ri-
zika endometrialniho karcinomu v te-
rénu polypu. Jako rizikové potvrzuji stu-
die i vy33i vék pacientky a vys$si hodnoty
BMI. v zadném z téchto dvou pfipadd
vak neni jasné definovana jednotna
cut-off hodnota.
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3.3 Vinklerova P, Ovesna P, Bednarikova M, Minar L, Felsinger M, Hausnerova J,
Weinberger V. Does an Endometrial Cancer Diagnosis among Asymptomatic

Patients Improve Prognosis? Cancers. 2021;14(1):115.

In another study, we aimed to determine whether a diagnosis of EC (endometrial
cancer) in asymptomatic patients—those without abnormal uterine bleeding—
conferred a prognostic advantage in terms of DFS (disease-free survival), OS (overall

survival), and DSS (disease-specific survival), compared to symptomatic patients.

The study analyzed data from 625 women with histologically confirmed EC who
underwent primary surgical treatment. Of these, 144 patients (23%) were
asymptomatic at diagnosis, while the remaining 481 (77%) reported bleeding
symptoms. Univariable analysis showed that symptomatic patients had a significantly
increased risk of disease recurrence (HR 3.1; 95% CI 1.24-7.77; p = 0.016). However,
no statistically significant differences in OS or DSS were observed between the two
groups. Importantly, in multivariable analysis adjusting for relevant clinical and
pathological variables—including age, tumor histology and grade, FIGO stage, and LVSI
(lymphovascular space invasion)—symptomatology lost its prognostic significance.
The increased risk of adverse outcomes in symptomatic patients was thus attributed
to more advanced disease and higher-risk pathological features, rather than the

presence of bleeding itself.

The findings of this study underscore that abnormal bleeding, while useful for
prompting earlier diagnosis, is not an independent predictor of poor prognosis. The
results challenge the rationale for performing invasive diagnostic procedures such as
endometrial biopsy or hysteroscopy solely based on ultrasound findings in
asymptomatic postmenopausal women, a practice still prevalent in some clinical
settings despite lacking support from current European guidelines. The clinical
decisions regarding biopsy should be based on the presence of symptoms and/or other
high-risk imaging or histopathological findings, rather than symptomatology alone.
Early-stage detection among asymptomatic women does not appear to translate into
improved survival outcomes when tumors are matched for stage and histologic

characteristics.
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This study represents one of the largest single-center evaluations of symptomatology
as a prognostic factor in endometrial cancer and reinforces the importance of

individualized patient assessment based on objective risk parameters.

"Does an Endometrial Cancer Diagnosis among Asymptomatic Patients Improve

Prognosis?” was published in Cancers (IF 6.575, Q1) in 2021.

The author’s contribution: first author, conceptualization, methodology, data curation,

and manuscript writing - original draft.
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Simple Summary: Endometrial cancer is common malignancy with an excellent prognosis due to
its early symptoms—abnormal bleeding. It is still common in some countries to provide a biopsy
in asymptomatic patients based on ultrasound findings; even though, it is not supported by the
European guidelines. The aim of our study was to find out if there is a prognostic difference among
symptomatic and bleeding-free patients with similar clinical histological characteristics.

Abstract: Background: Endometrial cancer is the most common gynecological malignancy in de-
veloped countries with no screening available. There is still a tendency to provide invasive bioptic
verification in asymptomatic women with abnormal ultrasound findings to diagnose carcinoma in a
preclinical phase; even though, it is not supported by European guidelines. Our goal was to determine
DFS (disease-free survival), OS (overall survival), and DSS (disease-specific survival) differences
between symptom-free and symptomatic (bleeding, or spotting) endometrial cancer patients with
similar stage and tumor/clinical characteristics. Methods: All of our patients with endometrial
cancer following surgical treatment between 2006 and 2019 were assessed, evaluating risk factors
for recurrence and death while focusing on bleeding using univariable and multivariable analysis.
Results: 625 patients meeting the inclusion criteria were divided into asymptomatic (n = 144, 23%)
and symptomatic (n = 481, 77%) groups. The median follow-up was 3.6 years. Using univariable
analysis, symptomatic patients had a three times higher risk of recurrence (HR 3.1 (95% Cl 1.24-7.77),
p =0.016). OS (HR 1.35 (0.84-2.19), p = 0.219) and DSS (HR 1.66 (0.64—4.28), p = 0.3) were slightly
worse without reaching statistical significance. In our multivariable analysis, symptomatology was
deemed completely insignificant in all monitored parameters (DFS: HR 2.03 (0.79-5.24), p = 0.144;
OS: HR 0.72 (0.43-1.21), p = 0.216). Conclusions: The symptomatic endometrial cancer patients risk
factor of earlier recurrence and death is insignificantly higher when compared with the asymptomatic
cohort. However, multivariable analysis verifies that prognosis worsens with other clinically relevant
parameters, not by symptomatology itself. In terms of survival outcome in EC patients, we recognized
symptomatology as a non-significant marker for the patient’s prognosis.

Keywords: endometrial cancer; postmenopausal bleeding; prognosis

1. Introduction

In developed countries, endometrial cancer (EC) is the most common gynecological
malignancy with more than 380,000 new cases in 2018 [1]. It is usually diagnosed in the

Cancers 2022, 14,115. https:/ /doi.org/10.3390/cancers14010115
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first stage with an excellent prognosis identifying thickened or abnormal endometrium
via ultrasound use in daily practice and/or early symptoms including postmenopausal
or abnormal bleeding, which occurs in 90% of cancers [2]. Among European women, the
relative 5-year survival is 76% [3]. The 5-year overall survival rate is 89% with stage I,
78% stage 11, 61% stage III, and 21% with stage IV [4]. Along with FIGO (The International
Federation of Gynecology and Obstetrics) stage, other conventional prognostic factors are
histology, grade, and lymphovascular space invasion (LVSI) [5]. Currently, these factors
still determine patient risk and the indication of adjuvant treatment.

Furthermore, additional immunohistochemical markers seem to be beneficial in pre-
dicting prognosis, even though they have never been part of risk classification. Abnormal
expression of LICAM (L1 Cell Adhesion Molecule), mutated tumor protein p53, a loss of
estrogen (ER), and progesterone receptors (PR), for example, are associated with a worse
prognosis [6].

The latest EC classification trend is grouping according to molecular features, first
introduced in 2013 by the Cancer Genome Atlas (TCGA) Research Network [7]. They
divided EC into four prognostic subclasses. The polymerase-epsilon (POLE) ultramutated
was characterized by a very favorable outcome. The hypermutated group (also termed
microsatellite instable, MSI) and the copy-number low (microsatellite stable, MSS) were
associated with intermediate results. The copy-number high (mainly serous histotype) was
defined by tumor protein p53 mutations and poor prognosis. Recently published guidelines
by the European Society of Gynecological Oncology (ESGO), the European Society for
Radiotherapy and Oncology (ESTRO), and the European Society of Pathology (ESP), now
recommend this EC classification; however, it is not yet comprehensive. Worldwide use in
daily practice is hindered by its cost and availability.

General population screening is not recommended, apart from patients with Lynch
syndrome [5,8]. Women should be advised to report any postmenopausal or abnormal
bleeding, which is at higher risk for malignity presence. Daily routine ultrasound use may
lead to incidental findings of thickened endometrium or polyps and invasive procedures
(resulting from fear of malignancy). Based on a thickened endometrium >5 mm, it is still
common in many countries to perform routine endometrial sampling in asymptomatic
postmenopausal women, even though this is not supported by European guidelines [8].
Endometrial cancer prevalence among asymptomatic women is low, and biopsy is not
recommended in the case of a postmenopausal patient with endometrial thickness or polyp
without bleeding [9,10]. On the other hand, the rationale for an active approach could
relate to a doctor’s concern about neglecting a woman’s health following late detection
of uterine cancer—a real and clinically serious issue. So far, there are no robust data
published regarding whether there is a difference and if it matters when endometrial cancer
is diagnosed in the asymptomatic or symptomatic phase.

Our study, accordingly, aimed to answer the question of whether bleeding is a strong
prognostic factor in endometrial cancer patients. We evaluated symptomatology concern-
ing DFS (disease-free survival), OS (overall survival), and DSS (disease-specific survival).
Is there an advantage when diagnosing endometrial cancer of the same stage and charac-
teristics in the preclinical (asymptomatic) phase from the perspective of DSF, OS, and DSS?

2. Materials and Methods

Our retrospective observational study took place between January 2006 and December
2019 at the Department of Gynecology and Obstetrics, University Hospital Brno, Czech
Republic. All surgically treated patients with EC diagnosis were consecutively included in
the study. Patients were divided into two groups depending on symptoms while focus-
ing on postmenopausal bleeding, spotting, pinkish discharge, or irregular and excessive
bleeding in premenopausal women. An ultrasound finding of an endometrial tumor
in premenopausal age and endometrial thickness (=5 mm) or a polyp was a signal for
biopsy among asymptomatic postmenopausal patients. We excluded cases with no surgical
treatment, uterine sarcoma histology, and unknown symptomatology status.
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All patients underwent a total abdominal or laparoscopic hysterectomy with bilateral
salpingo-oophorectomy (ovaries were spared when patients were younger than 45 years
with endometrioid histology, grade 1). Pelvic and paraaortic lymphadenectomy was
performed according to actual national recommendations (only pelvic until 2013 and
since that pelvic and paraaortic lymphadenectomy in high-risk carcinomas including non-
endometrioid and endometrioid cancer stage >1B of any grading) and patient performance
status [11]. We have introduced sentinel node biopsy (using indocyanine green) instead
of systematic lymphadenectomy since 2019. Only women with complete remission after
primary treatment were included. During the follow-up period, regular check-ups were
effected every 3-4 months following primary treatment for the first two years, biannu-
ally over the next three years, and once a year thereafter. Gynecologic examination and
transvaginal /transrectal plus abdominal ultrasound were obligatory. A CT (computed
tomography) scan was undertaken when recurrence was suspected. We monitored all types
of recurrence—local (vaginal vault), regional (pelvic structures including lymphatic nodes),
and distant (extrapelvic metastasis).

Patient’s age at the time of diagnosis and relevant data regarding histological type
(endometrioid, mucinous, serous, clear-cell, and carcinosarcoma), grade, LVSI, pathological
stage (according to FIGO 2009), lymphadenectomy, and adjuvant treatment provided such
as radiotherapy (RT), chemotherapy (CHT), and their combination (CHRT) were obtained
from medical records. We divided women into five categories according to their age for
univariable analysis. A continuous variable was used for multivariable analysis.

We selected DFS, OS, and DSS as prognostic parameters to compare patients in both
groups. DFS is the length of time after primary cancer treatment that a patient survives
without any signs or symptoms of the disease. OS is the time from either the date of
diagnosis or the start of treatment for the disease patients are still alive. DSS is the time
from the diagnosis date or treatment onset to the date of death from the disease. Patients
who die from causes unrelated to the cancer are not counted in this measurement [12].

Patients without an event were censored upon the date of the last follow-up visit. The
impact of symptomatology on DFS and OS was assessed using Cox proportional hazards
model, which gives hazard ratios (HR) accompanied by a 95% confidence interval (CI).
Results from univariate analysis (crude HR) were adjusted for other clinical parameters
in the multivariable Cox model giving adjusted HRs. Histology, grade, and FIGO stage
categories were combined in multivariate models due to low number of events in some
strata. The DSS was estimated by a cumulative incidence in the presence of death from
other causes than EC as a competing risk. Comparison between groups was undertaken
using the Fine and Gray method. Analyses were detailed with R software (4.0.3) including
survival and cmprsk (Subdistribution Analysis of Competing Risks) packages.

3. Results

Between 2006 and 2019, our database included 722 endometrial cancer patients of
which 625 met the inclusion criteria—144 (23%) were asymptomatic and 481 (77%) reported
symptoms. Table 1 summarizes clinical/histological characteristics and adjuvant treat-
ment. Data collection and statistical analysis were detailed in March 2021, when median
(interquartile range, IQR) follow-up was 3.6 years (4 days-13.8 years).
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Table 1. Clinical patients’ characteristics.

Clinical Asymptomatic Symptomatic
Characteristics (n =144) (n'=481) p-Value
<50 13 (9.0%) 46 (9.6%)
51-60 27 (18.8%) 95 (19.8%)
Age (years) 61-70 68 (47.2%) 191 (39.7%) 0.32
71-80 32 (22.2%) 117 (24.3%)
>80 4(2.8%) 32 (6.7%)
Age (years) Mean (SD) 64.5 (9.3%) 65.2 (10.6%) 0.476
No 124 (86.1%) 335 (69.6%) <0.001
Lymphadenectomy Yes 20 (13.9%) 146 (30.4%)
None 111 (77.6%) 264 (56.4%)
: RT 25 (17.5% 166 (35.5%
Adjuvant therapy CHT i gz.s% ) ?g 85] %/)) <0.001
CHRT 3(21%) 19 (4.1%)
No 138 (95.8%) 398 (83.3%)
LVST Yes 6(4.2%) 80 (16.7%) <0.001
Endometrioid G1 60 (41.7%) 86 (17.9%)
: Endometrioid G2 70 (48.6%) 270 (56.1%)
Histology + grade g 4; metrioid G3 5 (3.5%) 70 (14.6%) <0.001
Non-endometrioid 9 (6.2%) 55 (11.4%)
Ia 117 (81.2%) 277 (57.6%)
Ib 13 (9.0%) 89 (18.5%)
m 10 (6.9%) 60 (12.5%)
Illa 1(0.7%) 12 (2.5%)
G 1ib 2 (1.4%) 8 (1.7%) <0.001
Illc 1(0.7%) 26 (5.4%)
IVa 0(0.0%) 0 (0.0%)
Vb 0(0.0%) 9 (1.9%)

RT = radiotherapy, CHT = chemotherapy, CHRT = chemoradiotherapy, LVSI = lymphovascular space invasion,
G = grade, FIGO = The International Federation of Gynecology and Obstetrics.

3.1. Disease-Free Survival

Recurrence occurred in 56 patients during the follow-up period. Five years following
primary treatment, there were no signs of uterine cancer relapse among 96.1% (92.8-99.5%)
asymptomatic and 86.2% (82.5-90%) symptomatic women. Using a univariable model,
symptomatic cases had a three times higher risk of recurrence (HR 3.1 (95% CI 1.24-7.77),
p = 0.016) than asymptomatic (Figure 1A). Furthermore, we observed increased recurrence
risk among elderly patients, with NEC (non-endometrioid carcinoma) histology, LVSI
presence, endometrioid EC grade and stage increases, following lymphadenectomy, and
CHT treatment (Table 2).

Table 2. Disease-free survival—univariable and multivariable Cox proportional hazards model.

Clinical Characteristics Crude HR (95% ClI, p-Value) Adjusted HR (95% CI, p-Value)

Symptomatolo; No 1 1
U= &Y Yes 3.1(1.24-7.77, p = 0.016) 2.03 (0.79-5.24, p = 0.144)
<50 1
51-60 2.18 (0.47-10.08, p = 0.320)
Age (years) 61-70 2.49 (0.58-10.58, p = 0.217)
71-80 3.11 (0.71-13.68, p = 0.134)
>80 9.91 (2.14-45.92, p = 0.003)
Age (years) Mean (SD) 1.05 (1.02-1.08, p = 0.002) 1.04 (1.01-1.07, p = 0.013)
No 1
Lymphadeneciomy: Yes 1.75 (1.02-3, p = 0.042)
None 1 1
. RT 1.47 (0.81-2.69, p = 0.209) 0.82 (0.42-1.61, p = 0.569)
Adjuvant therapy CHT 9.61 (4.43-20.86, p < 0.001) 1.68 (0.50-5.63, p = 0.404)
CHRT 2.18 (0.65-7.25, p = 0.205) 0.36 (0.08-1.63, p = 0.186)
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Table 2. Cont.

Clinical Characteristics

Crude HR (95% CI, p-Value)

Adjusted HR (95% CI, p-Value)

1

LVSI No 1
Yes 3.75 (2.09-6.73, p < 0.001) 1.34 (0.58-3.06, p = 0.494)
Endometrioid G1 1
RS Endometrioid G2 352 (1.06-11.63, p = 0.039) 1 (ref. G1 + G2)
8y +8 Endometrioid G3 7.15 (1.99-25.64, p = 0.003) 1.70 (0.76-3.79, p = 0.194)
Non-endometrioid 15.61 (4.55-53.61, p < 0.001) 3.20 (1.59-6.43, p = 0.001)
Ia 1
Ib 2.69 (1.33-5.47, p = 0.006)
1 3 (1.36-6.63, p = 0.007)
Illa 651 (2.21-19.22, p = 0.001)
HGQstge 1Mb 4.1 (0.55-30.82, p = 0.169)
Il 7.60 (3.03-19.07, p < 0.001)
IVa NA
Vb 21.67 (7.32-64.17, p < 0.001)
-1 1 1
EIGOstage -1V 5.37 (2.96-9.73, p < 0.001) 3.55 (1.40-8.96, p = 0.007)

RT = radiotherapy, CHT = chemotherapy, CHRT = chemoradiotherapy, LVSI = lymphovascular space invasion,
G = grade, FIGO = The International Federation of Gynecology and Obstetrics.

A Symptomatology =— No — Yes
1.00{ —em
075 —
2 050
a
025
0opl P=0016
0 5 10 15

Time from diagnosis (years)

Number at risk

No 144 41 4 0
Yes 481 136 19 0
B e e
Symptomatology No Yes
1.00
0.75
B 050
025
o000l P=0219
0 5 10 15
Time from diagnosis (years)
Number at risk
Ne 144 42 4 0
Yes 481 158 24 0
c & e
ymptomatology No Yes
1.00{ p=03
0.75
)
9 0.50
o
0.25
0.00{_— _
0 5 10 15

Time from diagnosis (years)

Figure 1. (A) Disease-free survival, (B) overall survival, (C) disease-specific survival. DFS = disease-

free survival, OS = overall survival, DSS = disease-specific survival.
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However, symptomatology became non-significant in the multivariable analysis when
it was adjusted with other clinical parameters (HR 2.03 (0.79-5.24), p = 0.144). Concurrently,
histology, grade, and stage remained risky (Table 2).

3.2. Overall Survival

Overall, 117 patients died during the follow-up period (20 symptom-free and 97 bleed-
ing). We recorded a worsening OS trend in bleeding patients without reaching statistical
significance with the univariable model (HR 1.35 (0.84-2.19), p = 0.219; Figure 1B). Five-
year OS was 82.9% (75.5-90.9%) in asymptomatic and 80.1% (76-84.5%) in symptomatic
cases. Reduced survival was notable among women over age 70, after lymphadenectomy,
following CHT treatment, with LVSI, with a grade 3 endometrioid or NEC histology, and
advancing disease stage (Table 3).

Table 3. Overall survival—univariable and multivariable Cox proportional hazards model.

Clinical Characteristics

Crude HR (95% CI, p-Value) Adjusted HR (95% CI, p-Value)

Symptomatology il . :
Yes 1.35 (0.84-2.19, p = 0.219) 0.72 (0.43-121, p = 0.216)
<50 1
51-60 1.4 (0.46-4.27, p = 0.551)
Age (years) 61-70 1.9 (0.68-5.33, p = 0.222)
71-80 463 (1.66-12.89, p = 0.003)
>80 7.44 (2.48-22.31, p < 0.001)
Age (years) Mean (SD) 1.07 (1.05-1.09, p < 0.001) 1.07 (1.05-1.10, p < 0.001)
No 1
L hacleriesragy Yes 1.42 (0.98-2.07, p = 0.066)
None 1 1
. RT 0.98 (0.64-1.51, p = 0.938) 0.64 (0.40-1.03, p = 0.067)
Adjuyant therapy CHT 591 (3.19-10.96, p < 0.001) 1.16 (0.50-2.73, p = 0.727)
CHRT 1.65 (0.66-4.14, p = 0.284) 0.28 (0.09-0.85, p = 0.024)
LVSI No 1 1
Yes 4,55 (3.06-6.75, p < 0.001) 2.05 (1.13-3.72, p = 0.018)
Endometrioid G1 1
Histology + grade Endometrioid G2 1.17 (0.66-2.07, p = 0.584) 1 (ref. G1 + G2)
Y + &1 Endometrioid G3 2.63 (1.4-4.95, p = 0.003) 2.05 (1.17-3.61, p = 0.013
Non-endometrioid 5.43 (2.97-9.95, p < 0.001) 2.89 (1.77-4.72, p < 0.001)
Ia 1
b 2.38 (1.45-3.91, p = 0.001)
I 2.54 (1.44-4.49, p = 0.001)
FIGO stage Ila 3.78 (1.60-8.94, p = 0.003
IIb 16.01 (7.06-36.3, p < 0.001)
Illc 8.7 (4.71-16.09, p < 0.001)
Va NA
Vb 14.89 (6.58-33.72, p < 0.001)
-1 1 1
HECiswgs -1V 5.69 (3.80-8.52, p < 0.001) 3.63 (1.93-6.85, p < 0.001)

42

RT = radiotherapy, CHT = chemotherapy, CHRT = chemoradiotherapy, LVSI = lymphovascular space invasion,
G = grade, FIGO = The International Federation of Gynecology and Obstetrics.

Nonetheless, symptomatology was recognized in the multivariable model with slightly
longer survival in the symptomatic group (HR 0.72 (0.43-1.21), p = 0.216) when it was
adjusted for other parameters. We recorded shorter survival in patients with grade 3
endometrioid or NEC histology and with disease stages increasing following adjustment.
Adjuvant therapy had a protective effect (radiotherapy p = 0.067, chemoradiotherapy,
p = 0.024) as well (Table 3).
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3.3. Disease-Specific Survival

Thirty-six deaths were caused by endometrial cancer. Disease-specific survival was
insignificantly worse with bleeding patients in the univariable model (HR 1.66 (0.64-4.28),
p = 0.3, Figure 1C). Survival rates were substantially reduced following lymphadenectomy,
CHT, with LVSI and disease stage escalation (Table 4). NEC histology and endometrioid EC
grade >1 was also considered a risk, since all fatalities came from these groups of patients.
The multivariate model of DSS was not performed due to the low number of events.

Table 4. Disease-specific survival—univariable model of cumulative incidence with competing risk.

Clinical Characteristics Crude HR (95% CI, p-Value)
Symptomatology No 1
Yes 1.66 (0.64-4.28, p = 0.300)
<50 1
51-60 1.14 (0.22-5.89, p = 0.870)
Age (years) 61-70 1.48 (0.34-6.37, p = 0.600)
71-80 1.7 (0.37-7.74, p = 0.500)
>80 3.94 (0.77-20.05, p = 0.099)
Age (years) Mean (SD) 1.03 (0.99-1.07, p = 0.170)
No 1
Pymphadenectomy Yes 2.20 (1.14-4.26, p = 0.019)
None 1
: RT 1.12 (0.49-2.53, p = 0.790)
SIS IeDY CHT 11.93 (5.17-27.53, p < 0.001)
CHRT 3.75 (1.1-12.74, p = 0.034)
No 1
Lvsl Yes 8.08 (4.21-15.48, p < 0.001)
Endometrioid G1 + 2 1
Histology + grade Endometrioid G3 5.19 (2.22-12.13, p < 0.001)
Non-endometrioid 8.74 (4.06-18.78, p < 0.001)
I-1I 1
RlEO stage M-IV 10.33 (5.36-19.90, p < 0.001)

RT = radiotherapy, CHT = chemotherapy, CHRT = chemoradiotherapy, LVSI = lymphovascular space invasion,
G = grade, FIGO = The International Federation of Gynecology and Obstetrics.

4. Discussion

Endometrial cancer is a common malignancy with a generally favorable prognosis.
There is no recommended screening for the general population; however, ultrasound use
in daily practice may lead to fortuitous findings of uterine polyps or hyperplasia. Since it is
not possible to provide biopsies for all patients, there is a clinically driven need to establish
a cut-off for identifying high-risk EC patients. A 12% prevalence of thickened endometrium
>5 mm in gynecologically healthy asymptomatic postmenopausal women was identified
with a Swedish population study [13]. A reasonable endometrial thickness threshold seems
to be >11 mm for biopsy in asymptomatic patients when the EC incidence probability
is about 6.7% compared to 1.7% in women with endometrium thickness <11 mm [10,14].
We omitted the division of asymptomatic patients according to endometrial thickness in
our current study. However, we postulated before, that significant risk of malignancy is
only when threshold of 12 mm was used (OR 3.54, p = 0.024) comparing to 8 and 5 mm [15].

Malignancy risk is less than 2% with asymptomatic polyps, and small ones can even
vanish spontaneously in premenopausal women [9]. An invasive approach should be
reserved for bleeding patients and in cases of infertility.

A hysteroscopy (instead of dilatation and curettage) is recommended to obtain a repre-
sentative sample or remove a focal lesion, although complication risk (uterine perforation,
bowel damage, bleeding, infection, fluid-overload syndrome, etc.) is not negligible [9,13,16].
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Scrimin and al. published their study of 1070 patients undergoing hysteroscopy, where
nearly half of the indication was inappropriate [17]. We should consider the consequences of
each invasive procedure to avoid unnecessary overtreatment and potential adverse events.
Even when strictly respecting the 11 mm threshold for symptom-free postmenopausal
women, 19 redundant endometrial biopsies have to be undertaken to diagnose one en-
dometrial cancer or precancerosis [10].

In our previous study, we took a closer look at the exact description of symptom-free
and symptomatic endometrial cancer tumors. Asymptomatic tumors were more often
endometrioid grade 1 (41.7%) compared to bleeding (17.9%), which were more frequently
endometrioid grade 3 (14.6% vs. 3.5%) or NEC (11.4% vs. 6.2%). Although immunohis-
tochemical markers LICAM, p53, ER, PR are strongly associated with patient prognosis
and survival, we did not find any significant difference in their expression between symp-
tomatic and symptom-free EC patients. A deep myometrial and/or cervical invasion was
more commonly observed in symptomatic cases. The bleeding may correspond more with
the local status of the spread and very probably has no connection to the EC patient’s
survival outcome [18].

Only a few studies have focused on symptomatology in EC with the view of survival.
Gemer et al. presented the largest retrospective multicentric study of 1607 postmenopausal
women and detailed no difference between asymptomatic and bleeding EC patients in
terms of 5-year recurrence-free survival (79.1% vs. 79.4%, p = 0.85), disease-specific survival
(83.2% vs. 82.2%, p = 0.57), and overall survival (79.7% vs. 76.8%, p = 0.37) using univari-
able analysis [19]. Interestingly, they did not recognize a difference in low and high-grade
histology between groups; however, there was a lower deep myometrial invasion rate in
symptom-free patients. Comparing our results, we affirmed that bleeding patients had
a three times higher risk of recurrence (HR 3.1 (1.24-7.77), p = 0.016), while overall and
disease-specific survival was insignificantly worse (HR 1.35 (0.84-2.19), p = 0.219; HR 1.66
(0.64-4.28), p = 0.300). Nonetheless, when using multivariable analysis symptomatology
became insignificant replaced by other factors which worsened patient prognosis (LVSI, his-
tology, grade, FIGO stage). We confirmed factors that improve patient prognosis including
radiotherapy and chemoradiotherapy in endometrial cancer patients.

Similar prognostic factors were identified in another multicentric study of 543 post-
menopausal women [20]. Seebacher et al. demonstrated that tumor stage, grade, patients’
age—but not symptomatology—were associated with disease-free (HR 0.9, p = 0.7) and
overall survival (HR 0.8, p = 0.4) in multivariable analysis. Their conclusions are compatible
with our results: Symptomatology was not a significant risk factor when a multivari-
able analysis was used (DFS—HR 2.03 (0.79-5.24), p = 0.144; OS—HR 0.72 (0.431-1.21),
p =0.216).

The Israeli authors divided EC patients into three groups: Asymptomatic, bleeding up
to 3 months, and bleeding more than 3 months. They presented consistent results regarding
deep myometrial invasion in stage I (21%, 24%, 26%, p = 0.84), grade 3 tumors (10%, 13%,
14%, p = 0.42), and advanced-stage disease (12%, 14%, 15%, p = 0.92) in 220 endometrioid
EC patients. The only non-significant trend toward better survival in the asymptomatic
and short-term bleeding group was reported (p = 0.172) using univariable analysis [21]. In
our study, we were unable to subdivide patients according to symptom duration owing to
a lack of that specific information in medical records.

The most recent study about symptomatology as a prognostic factor is concerning
only patients with preoperative suspicion of the endometrial polyp [22]. This means in
majority only patients in the early stage with no signs of advanced disease. Authors find no
difference in survival rates and recommended follow-up instead of biopsy in asymptomatic
women. In our study we included all patients after surgical treatment, so the cohort differs
and we have more advanced diseases especially in symptomatic group.



Cancers 2022, 14,115

9of11

In our study, we observed that the non-bleeding group differed significantly
(p = <0.001) in stage IA (81%) compared to the symptomatic (57%). Although the bleeding
EC patients were diagnosed at the higher stage according to FIGO, there was no difference
between the patients in terms of specific survival and overall survival even when using
univariable analysis. Bleeding and spotting alone are not significant markers that worsen
the patient’s prognosis. In terms of the diagnostic, bleeding is just one of the markers,
which may, in particular cases, lead to the shift towards earlier stage detection.

To the best of our knowledge, our study represents the largest unicentric cohort
dealing with symptomatology as a prognostic factor in endometrial cancer. There was
an earlier recurrence and death (resulting from EC or other reasons) in bleeding patients.
However, a poorer prognosis is related to other clinical and histological features, not the
symptomatology itself. DFS, OS, and DSS were not worse among symptomatic patients at
a similar disease stage.

Our study’s strength is reflected in the significant number of patients with guaranteed
consistent treatment decisions and high-quality follow-up data. The retrospective design,
and the absence of selective detail such as symptom duration, might be considered a
shortcoming of sorts.

Consequently, we should educate our patients to immediately report postmenopausal
or irregular bleeding and to make arrangements for dilatation and curettage or a hys-
teroscopy when necessary. Since there is no prognostic advantage in detecting EC in the
preclinical asymptomatic phase, we recommend an expectation approach and consider the
necessity of invasive biopsy in terms of possible complications and comorbidities among
elderly patients.

5. Conclusions

Symptomatic endometrial cancer patients are at higher risk of earlier recurrence
and death (both from EC and other terminal conditions, with an insignificant difference
compared to the asymptomatic cohort). However, a worse prognosis resulted from other
specific clinically relevant parameters, not from the bleeding itself. DSF, OS, and DSS are
similar in patients at the same disease stage irrespective of symptomatology. The bleeding
is not the marker worsening the prognosis. Nonetheless, EC diagnosis in the asymptomatic
phase would lead to earlier stage detection. In the clinical practice, the decision regarding
biopsy should be based on symptomatology and/or a significant change in the finding on
the imaging method.

Author Contributions: Conceptualization, P.V. and V.W.; methodology, V.W. and P.O.; formal analysis,
P.O.; investigation, P.V.; data curation, P.V,, M.B., LM., M.E, and J.H.; writing—original draft
preparation, P.V. and P.O.; writing—review and editing, V.W.; visualization, P.O.; supervision, V.W.;
funding acquisition, V.W. and L.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by the Ministry of Health of the Czech Republic, grant number
NU21-09-00031; and Development of Research Organization (FNBr, 65269705).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of University Hospital Brno,
Approval Number 01-070218/EK (confirmed on 7 February 2018).

Informed Consent Statement: All patients signed informed consent with histology sample storing
and using for scientific and publication purposes.

Data Availability Statement: Data are available upon reasonable request.
Acknowledgments: Thanks to Rich Zimmerman for manuscript proofreading and editing.

Conflicts of Interest: The authors declare no conflict of interest.

45



Cancers 2022, 14,115 10 of 11

Abbreviations

DFS disease-free survival
DSS disease-specific survival
EC endometrial cancer

FIGO  The International Federation of Gynecology and Obstetrics
CHRT  chemoradiotherapy

CHT  chemotherapy

LVSI lymphovascular space invasion

NEC  non-endometrioid carcinoma

0s overall survival

RT radiotherapy

HR hazard ratio

CI confidence interval
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The final article included in this chapter presents a prospective case-control analysis
investigating the potential of uterine lavage fluid as a non-invasive medium for early
detection of endometrial cancer and its precursors. Despite the rising incidence of EC
and the absence of population-level screening, current diagnostic methods largely rely
on symptom-driven detection, most notably postmenopausal bleeding. This study
aimed to determine whether targeted NGS (next-generation sequencing) of uterine
lavage fluid could effectively distinguish patients with EC or EIN (endometrial

intraepithelial neoplasia) from healthy controls.

A total of 257 women undergoing hysterectomy were enrolled and categorized into
three groups: 89 with histologically confirmed EC, 80 with EIN, and 88 as controls. DNA
extracted from the lavage samples was sequenced for mutations in a panel of 22 genes
commonly associated with endometrial carcinogenesis. Mutations were found across
all groups, with no significant association between specific mutations and the presence
of EC or EIN. Paradoxically, some cancer-associated mutations, were more prevalent
in the control group than in the cancer group. Additionally, the overall mutation
burden was higher in the control group, suggesting that background somatic

alterations may occur independently of neoplastic transformation.

The study highlights critical limitations in using uterine lavage fluid for early EC
detection, chiefly the lack of specificity of identified mutations and the risk of false
positives. While uterine lavage sampling is minimally invasive and well-tolerated, its
clinical utility remains uncertain without further refinement of biomarker panels. The
diagnostic potential of this method might improve when integrated with additional
genomic markers such as copy number variations, DNA methylation patterns, or even

microbiome profiling.

48



In conclusion, while molecular profiling of uterine lavage fluid holds promise for the
early detection of EC, this study did not support its diagnostic validity in the current
form. The findings underline the need for broader biomarker discovery, improved
methodological specificity, and further prospective validation before such an approach

can be implemented in routine clinical practice.

The study, titled "Genetic analysis of uterine lavage fluids to identify women at high risk
of endometrial cancer”, was published in BMC Research Notes (IF 1.6, Q2) in 2025. The
author’s contribution: clinical methodology, data curation, manuscript writing -

review and editing.
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Abstract

Objectives Endometrial cancer (EC) is the most common malignancy of the female genital tract in developed
countries, yet preventive screening remains unavailable, and diagnostic approaches are largely limited to
symptomatic women. Despite advancements in precision oncology, the biology of precancerous lesions is less
understood compared to advanced disease. To address this gap, we conducted a prospective case-control study
analysing uterine lavage fluid from women undergoing diagnostic evaluation. The study included 257 participants:
80 diagnosed with endometrial intraepithelial neoplasia (EIN), 89 with early-stage EC, and 88 healthy controls. Using
targeted next-generation sequencing, we examined genetic alterations in 22 selected genes associated with EC
development.

Results Our findings did not confirm a direct association between specific genetic mutations in uterine lavage fluid
and the presence of EIN or early-stage EC (p=0.501). Mutations were detected in both cases and controls, with a
higher overall mutation burden observed in controls, suggesting potential background genomic alterations unrelated
to EC development. In conclusion, while molecular profiling of uterine lavage fluid remains a promising concept for
non-invasive diagnosis, our results highlight significant challenges in specificity. Further studies with larger cohorts
and additional biomarkers are necessary to clarify its diagnostic relevance and clinical applicability.
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Introduction

Endometrial cancer (EC) is the most prevalent cancer of
the female genital tract in developed countries and the
sixth most common cancer in women worldwide, with
its incidence and mortality steadily rising [1, 2]. Cur-
rent diagnostic practices rely on the presence of clinical
symptoms, meaning that most cases are diagnosed only
after symptoms appear, underscoring the lack of effective
screening strategies for early detection [3]. Epidemio-
logically, EC risk is most strongly associated with estro-
gen exposure, however, other factors such as obesity,
diabetes, early menarche, nulliparity, late menopause,
advanced age, and tamoxifen use also play significant
roles [4, 5]. Clinically, abnormal uterine bleeding or spot-
ting, sometimes accompanied by vaginal discharge, is the
most common presenting symptom. The standard diag-
nostic approach involves ultrasonography followed by
dilatation and curettage or curettage followed by hyster-
oscopy to confirm the diagnosis through histopathologi-
cal examination.

While targeted prevention efforts are emerging, they
are limited by gaps in understanding the biology of pre-
cancerous endometrial lesions, as our knowledge largely
pertains to advanced disease [6]. Endometrial cancers
are broadly classified into two types based on precur-
sor lesions: Type I EC, which commonly originates from
atypical hyperplasia, and Type II EC, often arising from
atrophic endometrium or within an endometrial polyp.
Molecular distinctions between these precancerous
lesions and normal endometrial tissue are clear, with
Type I EC frequently exhibiting mutations in PTEN,
KRAS, and beta-catenin, alongside microsatellite insta-
bility [7]. In contrast, Type II EC typically shows TP53
mutations, HER2/neu amplification, and loss of E-cad-
herin as well as p16 function due to either mutation or
hypermethylation [8]. These molecular changes, evident
even in early lesions, suggest the potential for early detec-
tion through genetic analysis.

In this study, we conducted a prospective analysis of
uterine lavage fluid collected from women undergoing
diagnostic evaluation, employing targeted next-genera-
tion sequencing (NGS) to detect genetic alterations asso-
ciated with endometrial intraepithelial neoplasia (EIN)
and early-stage endometrial carcinoma in comparison
with healthy controls. This approach aims to establish a
minimally invasive method for identifying high-risk indi-
viduals, potentially enabling earlier intervention for EC.

Materials and methods

Patient enrolment and sample collection

The local ethical committee of the University Hospital in
Brno (FN Brno) approved the case-control study starting
from 1 May 2021 and lasting until 31 December 2024, i.e.
44 months in total, with informed consent obtained from
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each patient included in the study. Only patients planning
to undergo a hysterectomy (due to cancer, precancer,
or other reasons— for example, uterine fibroids, uterine
prolapse.) with a final histopathological examination
were included in the study. The uterine lavage was done
immediately before hysteroscopy or hysterectomy in the
operating theatre. Cases were divided into three groups:
(a) EC- histologically confirmed endometrial cancer, (b)
EIN- histologically confirmed endometrial intraepithe-
lial neoplasia, and (c) control—- cases with benign histol-
ogy. Cases with age under 18 years, with any previous
malignity or cancer duplicity as well as with different his-
tology from biopsy and final histological specimen were
excluded. Clinical data were evaluated by oncologist from
the hospital’s patient records. Besides histological results,
potential clinical risk factors for endometrial cancer (age,
BMI, parity, hormonal contraceptives, arterial hyperten-
sion, and diabetes mellitus) were also recorded.

Fluids from uterine lavages were stored at 4 °C and pro-
cessed within 24 h. Briefly, samples were centrifuged at
3,200 xg/ 4 °C for 20 min. Pellets were resuspended in
erythrocyte buffer (RBC) and incubated for 15 min. The
samples were then centrifuged again for 20 min at 3,200
xg/ 4 °C and the resulting pellets were frozen at -80 °C
until DNA isolation.

Library preparation and sequencing

DNA was isolated using DNeasy Blood & Tissue Kit
(Qiagen, Germany) according to manufacturer’s instruc-
tions. Sequencing libraries were prepared using KAPA
HyperPlus Library Preparation Kit (Roche, Switzerland).
Briefly, gDNA was subjected to enzymatic fragmentation,
then the sample library was amplified and purified, and
the multiplexed DNA sample library pool was hybrid-
ized to enrichment probes. We designed a custom endo-
metrial tumor amplicon panel to cover 22 genes with
the highest mutation frequencies specific for EC (list of
genes: POLE, POLD1, PTEN, PIK3CA, TP53, CTNNBI,
KRAS, NRAS, HRAS, AKT1, EGFR, FGFR2, FBXW?7,
RB1, ATM, APC, ARID1A, ARID5B, PIK3R1, CDKN2A,
PPP2R1A, RPL22) [9]. The genomic target regions were
designed to cover all coding exons and all known hotspot
loci localized outside the exons. For target enrichment,
we designed hybridization probes using HyperDesign
tool (Roche), which is an intuitive, user-friendly interface
that combines KAPA Target Enrichment technology with
KAPA HyperCap Probe and KAPA HyperPETE Primer
designs to achieve the best possible coverage of regions of
interest, with an estimated coverage of 98.1 %. Sequenc-
ing reads from sequencing of custom endometrial tumor
amplicon panel were evaluated for quality control by
FastQC [10] and aligned to reference genome hg38.p14
[11] by TopHat2 [12]. BAM files which were obtained
were sorted (by samtools [13]) and used for detecting
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of variants in DNA by VarScan2 [14]. Detected variants
were used for statistical analysis between defined groups
of samples.

Statistical analyses

Standard descriptive statistics - absolute and relative fre-
quencies for categorical variables and median and inter-
quartile range (IQR) for continuous variables - were used
to summarize the data. Comparisons of frequencies or
distributions between the EC, EIN and control groups
were made using Pearson’s Chi-squared test and Kruskal-
Wallis rank sum test, respectively. To assess the asso-
ciation between the presence of specific mutations and
disease status, univariate logistic regression analysis was
performed. Any p-values presented are considered nomi-
nal in nature and no adjustment for multiplicity has been
done. The analysis was performed using the R software
(version 4.3.2). All tests were set as two-sided and tested
at 5% significance level.

Data obtained from NGS were processed using the
maftools (v2.18.0) package. Only mutations occurring
in exons that resulted in protein-level changes were
included in the analysis; thus, alterations in ncRNA,
splicing regions, 3"UTR, 5'UTR, and synonymous muta-
tions were excluded. Benign and likely benign mutations
defined according to NCBI ClinVar database [15] were
also excluded. Thus, clinically significant mutations and
variants of uncertain significance (VUS) were included in
the analysis. Finally, duplicate mutations were excluded
during data processing. The occurrence of mutations is
presented at the gene level.

Results

Patients’ characteristics

We sequenced and analysed 257 lavage samples from
patients enrolled in the study. Of these, 89 samples were
histologically confirmed to have endometrial cancer (EC),
80 were from patients with endometrial intraepithelial
neoplasia (EIN), and 88 were from the control group.
Among these samples, 100 were free of any significant
pathogenic mutations across the 22 sequenced genes,
while exon mutations in one or more of these genes were
detected in 157 samples (Table 1). Overall, we observed
a similar frequency of all mutations in the 22 selected
genes between the control and EIN groups, while a
lower frequency was observed in the EC group. Table 1
also presents the associations between clinicopathologi-
cal parameters and EC malignancy status. Women in
the control group were significantly younger and had a
lower BMI compared to those in the EIN and EC groups
(p<0.001 and p=0.006, respectively). This finding sug-
gests that age alone is unlikely to be the primary factor
driving mutation accumulation, as one would expect an
older population to exhibit a higher mutation frequency.
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Significant differences were also observed in the use of
hormonal contraceptives (p=0.001), prevalence of hyper-
tension (p=0.002), and presence of peroral antidiabetic
drugs (PAD) (p=0.007).

Analysis of mutations in DNA isolated from lavage fluid
collections

Of the 257 uterine lavage samples that were analysed, at
least one mutation was detected in 157 cases, and a total
of 641 mutations were identified at 466 unique sites in 22
genes that were analysed. The mutation frequencies in
each group are presented in Fig. 1.

Comparison of mutation prevalence between different
groups of patients

We performed a pairwise analysis of controls vs. EIN,
controls vs. EC, and EIN vs. EC. However, the frequency
of any of the identified mutations was not significant
enough within the control and EIN groups to distinguish
the presence of EIN from controls (Fig. 2a). In fact, when
comparing the mutation incidence between controls
and ECs (Fig. 2b), the opposite trend was observed, with
mutations in the KRAS and TP53 genes occurring sig-
nificantly more frequently in the control group than in
patients diagnosed with ECs. Similarly, when comparing
EIN vs. EC, mutations in the KRAS gene were observed
significantly more frequently in EIN (Fig. 2c). Notably,
the mutation frequency of the KRAS gene was signifi-
cantly higher in the control and EIN groups compared to
the EC group (p=0.007 and p=0.002, respectively), fur-
ther supporting this trend.

Discussion

A key role in cancer elimination is given to cancer pre-
vention. However, most cases of EC are diagnosed in
symptomatic women, and there is currently no reliable
screening tool to identify high-risk individuals suspected
of having EC [16]. However, the group of women who are
overweight, have hereditary non-polyposis colon cancer,
Lynch syndrome, or have had tamoxifen treatment would
benefit from an effective screening strategy. Annually
performed clinical examination and transvaginal ultra-
sound are insufficient. On the other hand, an additional
endometrial biopsy and outpatient hysteroscopy could
improve screening results, but are not well tolerated and
acceptable by all women. Pipelle sampling can be used
only in cases with a non-representative biopsy specimen
or cervical stenosis [5]. Therefore, we focused on targeted
sampling using uterine fluid lavage considered a mini-
mally invasive sampling procedure that, in conjunction
with molecular testing, could be useful in both diagno-
sis and screening. This straightforward and cost-effective
method is well-tolerated by women and could be more
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Table 1 Patient characteristics and presence of mutations by group
Characteristic Overall, N=257" Controls, N=88' EIN, N=80' EC,N=89' p-value?
Age (years) 56 (48, 67) 47 (44,51) 53(48,62) 66 (59, 73) <0.001
BMI (kg/mz) 30(25, 36) 29(23,31) 31(25,41) 31(27,35) 0.006
Parity 0.589

0 24 (15.8%) 10(19.2%) 6 (14.6%) 8(13.6%)

1 33(21.7%) 10(19.2%) 7(17.1%) 16 (27.1%)

2 80 (52.6%) 24 (46.2%) 24 (58.5%) 32 (54.2%)

3 14 (9.2%) 7 (13.5%) 4 (9.8%) 3(5.1%)

4 1(0.7%) 1(1.9%) 0(0.0%) 0(0.0%)
Hormonal contraceptives 0.001

No 112 (74.2%) 34 (65.4%) 27 (65.9%) 51 (87.9%)

Yes 37 (24.5%) 18 (34.6%) 14 (34.1%) 5 (8.6%)

Not known 2(1.3%) 0(0.0%) 0 (0.0%) 2 (3.4%)
Hypertension 0.002

No 78(51.3%) 36 (69.2%) 21(51.2%) 21 (35.6%)

Yes 74 (48.7%) 16 (30.8%) 20 (48.8%) 38 (64.4%)
DM 0.070

No 125 (82.2%) 47 (90.4%) 36 (87.8%) 42 (71.2%)

DM 1 (0.7%) 0 (0.0%) 0(0.0%) 1(1.7%)

DMII 25 (16.4%) 5(9.6%) 5(12.2%) 15 (25.4%)

Not known 1(0.7%) 0(0.0%) 0 (0.0%) 1(1.7%)
PAD? 0.007

No 130 (85.5%) 48(92.3%) 38(92.7%) 44 (74.6%)

Yes 21(13.8%) 3(5.8%) 3(7.3%) 15 (25.4%)

Not known 1(0.7%) 1(1.9%) 0 (0.0%) 0 (0.0%)
Any mutation NGS 0.501

No 100 (38.9%) 32(36.4%) 29 (36.2%) 39 (43.8%)

Yes 157 (61.1%) 56 (63.6%) 51(63.7%) 50 (56.2%)
POLE EDM* 4 (1.6%) 1(1.1%) 1(1.3%) 2(2.2%) >0.999
AKT1 6 (2.3%) 2(2.3%) 2 (2.5%) 2(2.2%) >0.999
APC 23 (8.9%) 6 (6.8%) 10(12.5%) 7 (7.9%) 0.395
ARID1A 58 (22.6%) 24 (27.3%) 16 (20.0%) 18(20.2%) 0428
ARID5B 17 (6.6%) 9 (10.2%) 2 (2.5%) 6 (6.7%) 0.132
ATM 50(19.5%) 22 (25.0%) 16 (20.0%) 12(13.5%) 0.152
CDKN2A 6 (2.3%) 2 (2.3%) 2 (2.5%) 2(2.2%) >0.999
CTNNB1 21(8.2%) 7 (8.0%) 5(6.2%) 9(10.1%) 0.655
EGFR 5(1.9%) 2 (2.3%) 2 (2.5%) 1(1.1%) 0.745
FBXW7 16 (6.2%) 8(9.1%) 5 (6.2%) 3(3.4%) 0.285
FGFR2 15 (5.8%) 3(3.4%) 4 (5.0%) 8(9.0%) 0.298
HRAS 1 (0.4%) 1(1.1%) 0 (0.0%) 0 (0.0%) 0.654
KRAS 35(13.6%) 15 (17.0%) 16 (20.0%) 4 (4.5%) 0.007
NRAS 3(1.2%) 1(1.1%) 0(0.0%) 2(2.2%) 0.776
PIK3CA 40 (15.6%) 18 (20.5%) 12 (15.0%) 10(11.2%) 0.236
PIK3R1 26(10.1%) 9 (10.2%) 8(10.0%) 9(10.1%) 0.999
POLD1 14 (5.4%) 6 (6.8%) 3(3.8%) 5 (5.6%) 0.697
POLE 30(11.7%) 11 (12.5%) 9(11.2%) 10(11.2%) 0.957
PPP2R1A 11 (4.3%) 6 (6.8%) 3 (3.8%) 2 (2.2%) 0313
PTEN 71 (27.6%) 25 (28.4%) 23(28.7%) 23(25.8%) 0.896
RB1 12 (4.7%) 5(5.7%) 2 (2.5%) 5 (5.6%) 0.572
RPL22 19 (7.4%) 6 (6.8%) 8 (10.0%) 5 (5.6%) 0.536
TP53 12 (4.7%) 7 (8.0%) 4 (5.0%) 1(1.1%) 0.081

'Median (IQR); n (%)

2Kruskal-Wallis rank sum test; Pearson’s Chi-squared test

3peroral Antidiabetic Drugs

“POLE exonuclease domain mutations

53



Hrstka et al. BMC Research Notes (2025) 18:117

Page 5 of 8

Altered in 157 (61.09%) of 257 samples.
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Fig. 1 Specific mutations in the genes of interest (including exon resolution) in individual samples. The rows show individual mutations, the columns

show the patients assigned to each group

widely used not only in symptomatic patients, but also in
asymptomatic women with an adverse medical history.
An ideal screening method for identifying high-risk
patients with EC should be accurate, cost-effective,
patient-friendly and at the same time to reliably identify
cases requiring invasive testing while providing reas-
surance to low-risk women. Minimally invasive biofluid
sampling has improved early gynecologic cancer detec-
tion by enabling the identification of cancer-specific
genomic biomarkers, especially in blood, uterine lavage,
and cervicovaginal fluid [17]. Examinations of uterine
fluid lavages concerning the presence of EC are well-
established, as demonstrated by various studies. For
instance, a comprehensive genomic analysis of uterine
lavage fluid has been shown to detect early endome-
trial cancers and reveal prevalent driver mutations even
in women without histopathologic evidence of cancer
[18, 19]. Moreover, recent advancements in NGS have
enabled a more precise identification of oncogenic muta-
tions in uterine lavage fluid, highlighting its potential as a
liquid biopsy tool for early detection. Targeted molecular
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analysis of uterine lavage fluid has identified oncogenic
mutations that precede clinical symptoms, underscoring
the potential for early cancer screening [20]. For example,
Chao et al. demonstrated that massively parallel sequenc-
ing of uterine lavage specimens successfully detects
tumor-associated mutations, allowing risk stratification
of patients before conventional histopathological confir-
mation [21]. In addition, a study by Weng et al. explored
the role of circulating free DNA (cfDNA) in uterine
lavage fluid, revealing that cfDNA mutations correlate
with early-stage EC progression, further strengthen-
ing the case for non-invasive molecular diagnostics [22].
Accordingly, Mayo-de-Las-Casas et al. showed that the
detection of somatic mutations in peritoneal lavages and
plasma of EC patients can be used as a diagnostic tool,
offering a broader perspective on the molecular land-
scape of endometrial cancer [23].

As a proof-of-concept study, we prospectively collected
a cohort of 257 women to perform a genetic analysis of
DNA extracted from uterine fluid lavages, aiming to iden-
tify specific mutations or mutation patterns indicative
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A Control (n = 88) v/s EIN (n = 80) Control EIN OR P-value
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Fig. 2 A) Risk of EIN vs. control according to the occurrence of mutations in the monitored genes. B) Risk of EC vs. control according to the occurrence
of mutations in the monitored genes. C) Risk of EC vs. EIN according to the occurrence of mutations in the monitored genes
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of endometrial cancer or precancer. However, statistical
analysis revealed no significant association between the
presence of these mutations and the occurrence of cancer
or precancer. These findings highlight inherent limita-
tions and contextual challenges associated with this diag-
nostic approach. For instance, Nair et al. reported that
while uterine lavage fluid could detect cancer-associated
mutations in patients with endometrial cancer, similar
mutations were present in nearly half of individuals with-
out histopathologic evidence of cancer, raising concerns
about specificity and clinical applicability [19]. Simi-
larly, Maritschnegg et al. demonstrated the detection of
mutations in uterine lavage fluid but noted inconsisten-
cies in identifying some early-stage cancers, particularly
certain subtypes [18]. Moreover, mutations associated
with cancer have also been found in benign conditions,
further complicating diagnostic accuracy. Genetic het-
erogeneity within tumors also poses a challenge; Mota et
al. highlighted that intra-tumor heterogeneity may lead
to under-detection of mutations when relying solely on
uterine fluid samples [24]. These issues underscore the
need for more refined approaches to enhance the speci-
ficity and reliability of uterine lavage as a diagnostic tool.

In conclusion, although genetic analysis of uterine fluid
lavage could be a promising tool for early detection of
EC, we did not confirm this trend in our study. This may
be due to the limited specificity of this approach, or its
sensitivity or potential overlap with benign conditions,
which ultimately highlights the need for complementary
diagnostic tools and more thorough validation. Other
emerging factors warrant further investigation for their
potential in the early detection of EC. These include copy
number variation (CNV) analysis, which provides valu-
able insights into genomic alterations associated with EC
[25]; and the identification of specific gene methylation
patterns, which have demonstrated diagnostic accuracy
comparable to endometrial biopsy and have been vali-
dated in prospective studies [26]. In addition, the role of
the gut microbiome is an intriguing and emerging field
of research. Some studies have suggested that specific
bacterial species, such as Porphyromonas somerae, may
have predictive value, particularly in postmenopausal and
obese patients [27, 28]. However, no study has yet conclu-
sively demonstrated that the microbiome alone has the
same diagnostic potential as other molecular markers,
and further validation is needed before it can be consid-
ered a reliable clinical tool. Integrating these biomarkers
into a multifaceted diagnostic framework could enhance
early detection strategies, improve risk assessment, and
ultimately lead to better patient outcomes.

Limitations

While targeted sampling using uterine fluid lavage com-
bined with genetic analysis of selected genes has been
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investigated as a potential approach for detecting endo-
metrial cancer, our findings did not identify a specific
mutational pattern, and even mutational load alone did
not differentiate cases from controls. This highlights
important limitations, including the possibility that
genetic alterations detected in the lavage may not always
indicate malignancy, leading to false positives, while
tumors lacking mutations in the selected genes can result
in false negatives. Additionally, the genetic diversity of
endometrial cancer and population-specific variations in
baseline genetic markers further complicate interpreta-
tion, as a limited gene panel may fail to capture the full
spectrum of relevant mutations, potentially missing key
diagnostic markers.
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4 Molecular Classification and Prognostic Markers

Recent advances in the pathological and molecular characterization of endometrial
carcinoma have demonstrated the limitations of the traditional dualistic classification
system. This binary model fails to capture the biological heterogeneity and prognostic
variability of EC adequately. A pivotal development in the refinement of tumor
classification came with the 2013 publication of TCGA (The Cancer Genome Atlas)
study, which introduced a molecular taxonomy delineating four distinct EC subtypes
based on genomic alterations?®. This molecular framework provides a more precise
prognostic stratification than histopathological assessment alone. Nevertheless,
widespread implementation of TCGA methodology in routine clinical diagnostics
remains limited due to significant technical and financial barriers. Consequently,
subsequent research efforts have prioritized the identification of surrogate markers—
particularly immunohistochemically assessable features—that correlate with TCGA

subtypes1617,

The currently endorsed molecular classification integrates mutational analysis of the
POLE (DNA Polymerase Epsilon) gene with IHC (Immunohistochemistry) profiling of
p53 and MMR (mismatch repair) proteins—MLH1 (MutlL Homolog 1), PMS2
(Postmeiotic Segregation Increased 2), MSH2 (MutS Homolog 2), and MSH6 (MutS
Homolog 6)18. Based on these assessments, endometrial carcinomas are stratified into

the following risk groups:

e POLE-ultramutated carcinomas (5-15%)
This group includes carcinomas with pathogenic mutations in exons 9-14 of the
exonuclease domain of the POLE genel®20, detected via molecular diagnostic methods
such as Sanger sequencing or NGS. Despite otherwise adverse pathological features
(high grade, substantial lymphovascular space invasion, deep myometrial invasion),
these tumors exhibit excellent prognosis. Surgical intervention is considered sufficient
for stage I-II disease, and neither chemotherapy nor radiotherapy has been shown to
add therapeutic benefit!629, In the rare instances of disease progression, sensitivity to

immunotherapy has been documented?1.
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e Mismatch Repair Deficient Carcinomas (25-30%)
This group encompasses carcinomas with defects in one of the MMR system genes,
leading to the accumulation of mutations due to faulty DNA base-pair mismatch
repair!>. MMR deficiency is determined by IHC detection of the MLH1, PMS2, MSH2,
and MSH6 proteins3. Additional molecular testing for MSI (microsatellite instability) is
recommended in cases of ambiguous expression. Prognosis is intermediate and

depends on the disease stage.

If MLH1/PMS2 expression is lost, methylation analysis of the MLH1 promoter is
necessary to distinguish between sporadic MMR deficiency (methylation present) and
possible Lynch syndrome-associated tumors (methylation absent), warranting
referral for genetic counseling. Hereditary predisposition to endometrial carcinoma,
i.e.,, Lynch syndrome, occurs in 10% of MMR-deficient cases (compared to 3-5% of all
endometrial carcinomas)?2. Carcinomas in this category generally respond well to

immunotherapy?1.

e p53-Mutant Carcinomas (15-25%)
This is the most aggressive group of carcinomas, associated with the poorest prognosis
and responsible for the majority of endometrial cancer-related deaths. These are
typically serous carcinomas, carcinosarcomas, clear cell carcinomas, or high-grade
endometrioid carcinomas. Detection of a p53-mutant carcinoma (with myometrial
invasion) is sufficient to classify the patient as high-risk, where adjuvant
chemotherapy in addition to surgery is recommended, and in selected cases,
radiotherapy as well3. p53 status is primarily assessed using IHC, with TP53 mutational

status confirmed via NGS if necessary.

e Carcinomas with No Specific Molecular Profile (40-60%)
This is the largest and most heterogeneous group of tumors, lacking a distinct
molecular signature. Prognosis is generally intermediate, depending on stage and
other tumor characteristics. A significant potential for future refinement of this group

remains, based on additional prognostic molecular markers3.
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o Multiple Classifiers (~5%)
In approximately 5% of cases, both IHC and molecular genetic assessments reveal
multiple concurrent features, referred to as "multiple classifiers"?3. This often occurs
in the context of an ultramutated phenotype (POLEmut), where secondary
mutations—including in TP53—accumulate rapidly and chaotically, or in tumors with
high genomic instability (e.g.,, MSI), where subsequent mutations such as TP53 are
common. Classification follows this scheme:
e Pathogenic POLE mutation, MMR deficient, and p53 mutation — classified as
POLEmut
e Pathogenic POLE mutation, MMR proficient, and p53 mutation — classified as
POLEmut
e No POLE mutation, MMR deficient, and p53 mutation — classified as MMRd

In addition to molecular classification, numerous other IHC-detectable biomarkers
with demonstrated prognostic relevance have been identified, although they are not
formally included in the classification of endometrial carcinoma. These markers,
visualized using immunohistological (antibody-based) staining, indicate the presence
of specific molecules within or on the surface of tumor cells. They can help identify
patients at higher risk of recurrence, lymph node involvement, or death, while others

may predict therapeutic response. For example:

o Estrogen and Progesterone Receptors (ER/PR)
ER and PR are frequently expressed in endometrioid EC and are associated with
excellent prognosis2425, Conversely, their absence is typical for non-endometrioid
subtypes and correlates with increased lymph node metastasis?®, worse DFS?7, and
poor response to hormonal therapy?82°. A 10% positivity cut-off, historically adopted
from breast cancer protocols?7:39, is commonly used, although this threshold is now

recognized as suboptimal for endometrial carcinoma.
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The ENITEC group recently proposed a new ER/PR expression-based risk
stratification scheme following a multicenter study: high risk (0-10%), intermediate
risk (20-80%), and low risk (90-100%), which correlates more accurately with
patient prognosis3!. In clinical practice, it is advisable to confirm ER and PR expression
by IHC before initiating hormonal therapy in advanced or recurrent disease, as the

presence of receptors predicts response to hormonal therapy32.

e Human Epidermal Growth Factor Receptor 2 (HER2)
Erb-B2 Receptor Tyrosine Kinase 2, commonly referred to as HER2 is a
transmembrane receptor encoded by the HERZ (ERBBZ) oncogene and plays a pivotal
role in oncogenesis and the aggressive behavior of certain cancers. In HER2-positive
tumors, treatment options include monoclonal antibodies (trastuzumab, pertuzumab)

and tyrosine kinase inhibitors (lapatinib)33.

In endometrial carcinoma, HER2 overexpression has been linked to high-grade, non-
endometrioid (serous) histology, advanced stage, and poor survival3435, HER2 is
therefore considered a potential target for biologic therapy in uterine tumors. The
addition of trastuzumab to systemic chemotherapy has been shown to improve

progression-free survival in patients with advanced serous EC3°.

Assessment of HER2Z expression is increasingly being incorporated into clinical

practice, alongside the therapeutic use of targeted monoclonal antibodies.

e L1 Cell Adhesion Molecule (L1CAM)
L1CAM is an immunoglobulin involved in embryonic brain development and
neurohistogenesis (including axon growth, neuronal migration, and regeneration). In
cancer cell lines, L1CAM promotes tumor growth and aggressive behavior3’. It is one
of the most potent prognostic IHC markers studied prior to the advent of molecular
classification. L1ICAM positivity is associated with advanced stage, high grade, non-
endometrioid histology, LVSI, lymph node metastasis, and reduced DFS2738. A 10% cut-

off is most commonly used38-40.

In the context of new molecular classification, L1CAM positivity has been observed in

up to 80% of p53-mutant cases, underscoring the poor prognosis associated with both
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markers4142, In tumors with nonspecific molecular profiles, L1ICAM IHC assessment
enables further prognostic stratification based on DSS#2. L1CAM expression is not
unique to endometrial cancer and is also found in other malignancies. Preclinical
mouse models are currently investigating monoclonal antibodies targeting L1CAM as

potential adjuncts to chemotherapy and inhibitors of tumor progression#3.44,

[t is important to note that estrogen receptor is now considered as a standard part of

[HC examination according to recently updated European guidelines?>.
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In the first study of this chapter, we focused on analyzing the initial experience
following the implementation of molecular classification into clinical practice at the
Department of Gynecology and Obstetrics, University Hospital Brno. This was a
prospective data collection conducted from May 2021 to May 2022, during which
molecular testing was performed as part of routine histopathological examination
whenever a sufficiently representative tumor sample was available for

immunohistochemical and molecular-genetic analyses.

Immunohistochemical evaluation of p53 and MMR proteins was conducted in all
patients newly diagnosed with endometrial carcinoma. POLE mutational status was
assessed by Sanger sequencing in all patients classified outside the low-risk category.
In cases where MMR deficiency (MMRd) and/or p53 mutation (p53mut) were
detected, POLE sequencing was performed regardless of clinical parameters, to resolve

potential multiple classifiers.

A total of 85 patients were included in the analysis. The results of molecular testing
were as follows: 22 patients (26%) were MMRd, 8 patients (9%) showed p53mut, and
among the 40 patients in the non-low-risk category in whom POLE mutational analysis
was performed, no ultramutated tumor was identified. When comparing patient
stratification based on risk of recurrence according to the ESGO/ESTRO/ESP
(European Society of Gynaecological Oncology/ European Society for Radiotherapy
and Oncology/ European Society of Pathology) 2021 guidelines with the
corresponding 2016 recommendations, differences were observed in the distribution
across nearly all risk groups, except for patients diagnosed with advanced or

metastatic disease.

Genetic counseling was offered to 24 patients in total—22 based on the identification

of MMRd and 2 based on family history. At the time of analysis, genetic testing results
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were available for 18 patients. Of these, 4 (22%) were confirmed carriers of a
pathogenic variant in one of the genes associated with Lynch syndrome, 8 (45%) had

a negative result, and 6 (33%) had a variant of uncertain clinical significance.

In summary, the updated European guidelines incorporating molecular classification
introduce significant changes to the management of patients with newly diagnosed
endometrial carcinoma. Our experience demonstrated that implementing a
combination of [HC analysis of MMR and p53 proteins in all patients, along with POLE
sequencing in those at non-low risk, is feasible in routine clinical practice and did not
delay decision-making regarding adjuvant therapy. Evaluation of MMR protein
expression helps identify patients who are carriers of inherited cancer predisposition
syndromes and who are also potential candidates for targeted immunotherapy (note:

not available at the time of publication).

A remaining question is why no patient with a POLE mutation was identified in the
cohort. This may be explained by the small sample size of this pilot study, the fact that
POLE status was assessed only in patients in the non-low-risk group, where it may
influence treatment decisions, and the use of Sanger sequencing, which has lower
sensitivity compared to next-generation sequencing (note: Sanger sequencing has been

recently replaced by NGS at University Hospital Brno).

This pilot study, entitled "Molecular testing of endometrial carcinoma in real-world

clinical practice”, was published in 2023 in the journal Klinickd onkologie.

The author’s contribution: clinical methodology, data curation, manuscript writing -

review and editing.
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Souhrn

Vychodiska: Molekularni klasifikace piindsi zésadni zmény do diagnosticko-lé¢ebného al-
goritmu u pacientek s karcinomem endometria (endometrial cancer - EC). Cilem sdéleni je
analyza prvnich zkusenosti se zavedenim molekularniho testovéni do redlné klinické praxe.
Materidl a metody: Od kvétna 2021 je ve FN Brno u viech pacientek s nové diagnostikovanym
EC v rémci standardniho histopatologického vysetieni stanovovan také imunohistochemicky
status proteint p53 a mismatch repair (MMR). U tumort nespliujicich klinicka kritéria pro nizké
riziko a vzdy pfi prikazu 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. Vsem 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 medidnem véku 66 let. MMR-deficientni tumory mélo 22 pacientek (26 %) a p53-
-mutované tumory 8 pacientek (9 %). U zadné 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 diagnézy nizké riziko, 2 pacientky (2 %) stiedni, 14 pacientek
(16 %) vy3si stredni a 20 pacientek (24 %) vysoké riziko recidivy. Celkem 6 pacientek (7 %) bylo
diagnostikovano s pokrocilym nebo metastatickym onemocnénim. Medidn doby od operace
po projednéani na multidisciplinarni komisi byl 21 dni (8-36). Celkem 76 pacientek (90 %) ab-
solvovalo lé¢bu v plném rozsahu v souladu s rizikem recidivy. Z 18 pacientek s dostupnymi vy-
sledky genetického vysetieni byla u 4 (22 %) prokézana hereditarni forma onemocnéni. Zdvér:
Racionalné indikované molekularni testovani kombinujici imunohistochemické analyzy pro-
teind MMR i p53 u vSech 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 lécbé.
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karcinom endometria — molekularni testovani - p53 — mismatch repair systém — POLE
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MOLEKULARNITESTOVANI KARCINOMU ENDOMETRIA = ANALYZA PRVNICH ZKUSENOSTI Z KLINICKE PRAXE

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) pied-
stavuji vyrazné heterogenni skupinu
nadort s casto velmi odliSnym bio-
logickym chovénim (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 povazovéna za dostacujici vykon,
u pacientek nesplnujicich kritéria pro
nizké riziko je nasledné indikovéna ad-
juvantni lé¢ba at jiz ve formé radiote-

rizika recidivy onemocnéni [1]. Mezi z&-
kladni prognostické parametry defi-
nujici riziko rekurence patfily az do za-
vedeni nové molekularni 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 zakladé vysledku

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
vétiinové s pfitomnou patogenni va-
riantou genu TP53; 4) ostatni tumory,
tzv. copy-number low. Kromé moleku-
larné biologickych charakteristik se jed-

: . g ( )
rapie, chemoterapie, nebo kombinace Tab. 2. TNM a FIGO klasifikace karcinom(i endometria [16].
obou metod, a to v ndvaznosti na miru
TNM FIGO Charakteristika
7 T1 | nador omezen na télo délohy
Tab. 1. Histologické typy adenokar- Tla IA nédor omezen na endometrium nebo postihuje méné nez
cinomu endometria, zjednodusené polovinu myometria
déleni podle [15]. " o ——— .
T1b 1B nador postihuje polovinu ¢i vice myometria
Histologicky typ Cetnost (%) T2 Il nador postihuje cervikalni stroma, nesifi se vsak mimo délohu
Endometroidni 80 T3a,N1 Il lokélni a/nebo regionalni siteni specifikované nize:
adenokarcinom T3a A nador postihuje serézu téla délozniho nebo adnexa
Serézni karcinom =10 T3b 1B postizeni pochvy nebo parametrii
Clear cell karcinom <10 N1 nc metastazy do panevnich nebo paraaortélnich miznich uzlin
Ned.lferencovan)'// 2 e metastazy do panevnich miznich uzlin
dediferencovany
karcinom ez metastazy do paraaortalnich miznich uzlin
Ostatni (vzacné): smiseny karcinom, T4 IVA nador postihuje sliznici mocového méchyre / sliznici stieva
mezonefricky adenokarcinom, skva- M1 VB vzdélené metastazy
mazni karcinom, mucinézni karci-
nom (intestindIni typ), mesonephric- FIGO - International Federation of Gynecology and Obstetrics, TNM — primarni
-like adenokarcinom, karcinosarkom tumor, regionalni lymfatické uzliny
e S i
216 Klin Onkol 2023; 36(3): 215-223
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Tab. 3. Charakteristiky prognostickych skupin pacientek s karcinomem endometria podle doporuceni z roku 2016 a 2020 [2,8].

Riziko

nizké

stredni

vyssi stiedni

vysoké

pokrocily

metastaticky

DOP_2016

stadium A
endometroidni
grade 1-2
LVSI negativni

stadium IB
endometroidni

grade 1-2
LVSI negativni

stadium A
endometroidni
grade 3
LVSI +/-

stadium IA/B
endometroidni
grade 1-2
LVSI pozitivni

stadium IB
endometroidni
grade 3
LVSI +/—

non-endometroidni

stadium II

stadium Il
endometroidni
operace s RO

stadium lIl s reziduem

stadium IVA

stadium IVB

DOP_2020
Molekularni klasifikace Molekularni klasifikace znama
stadium IA stadium -1l
endometroidni POLEmut
low grade bez rezidualniho onemocnéni
LVSI negat./fokalné T
MMRd/NSMP endometroidni
low grade
LVSI negat./fokélné
stadium IB stadium IB
endometroidni MMRd/NSMP endometroidni
low grade low grade
LVSI negat./fokalné LVSI negat/fokalné
stadium IA stadium IA
endometroidni MMRd/NSMP endometrioidni
high grade high grade
LVSI negat./fokalné LVSI negat./fokédlné
stadium IA stadium IA
non-endometroidni p53abn a/nebo

bez invaze do myometria

stadium |
endometroidni
LVSI-pozitivni

stadium IB
endometroidni
high grade

stadium II

stadium llI-IVA
operace s RO

stadium I-IVA
non-endometroidni
s invazi do myometria
operace s RO

stadium llI-IVA

rezidudIni onemocnéni

stadium IVB

DOP_2016 - doporuceni pro diagnostiku a lé¢bu karcinomu endometria z roku 2016, DOP_2020 - doporuéeni pro diagnostiku a lé¢bu
karcinomu endometria z roku 2020, LVSI - nddorova lymfangioinvaze, MMRd — mismatch repair-deficientni, NSMP - nespecificky mole-
kularni profil, POLEmut — ultramutované tumory s mutaci genu POLE, p53abn - p53-mutovany, RO - operace s nulovym reziduem

non-endometroidni
bez invaze do myometria

Stadium |
MMRd/NSMP
endometroidni
LVSI pozitivni

stadium IB
MMRd/NSMP endometroidni

high grade

stadium Il
MMRd/NSMP endometroidni

stadium IlI-IVA
MMRd/NSMP
operace s RO

stadium | - IVA
p53abn
s invazi do myometria
operace s RO

stadium | - IVA MMRd/NSMP
ser6zni, nediferencovany karcinom nebo
karcinosarkom
s invazi do myometria; operace s RO

stadium III-IVA
rezidudlni onemocnéni
jakykoliv typ
stadium IVB
jakykoliv typ

-
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notlivé skupiny vyznamné odlisuji také
svou biologickou povahou. Zatimco ul-
tramutované nadory s patogenni varian-
tou genu POLE maji vynikajici prognézu,
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-
filovéni, relativné dlouhé dobé odezvy
a stéle jesté limitované dostupnosti
v bézné klinické praxi byla nasledné na-
vrzena a na nezavislych souborech pa-
cientek validovéna alternativni meto-
dika molekularniho testovani zalozena
na molekuldrné genetické sekvenc¢ni
analyze genu POLE aimunohistochemic-
kém stanoveni exprese proteini MMR
(mismatch repair systému, tj. MLH1,
MSH2, MSH6 a PMS2) a p53 [4-7].

Na zakladé robustnich dat dokladuji-
cich prognosticky vyznam molekularni
klasifikace bylo v roce 2020 jeji stanovo-
vani inkorporovano do aktualizace ev-
ropskych doporuceni pro management
pacientek s EC (DOP_2020). Tato dopo-
ru¢eni definuji kritéria pro zafazeni pa-
cientek do jednotlivych skupin podle
miry rizika recidivy onemocnéni jak v si-
tuaci, kdy molekuldrni klasifikace zndma
neni, tak v situaci, kdy jsou vysledky
molekuldrniho testovéni k dispozici
(tab. 3) [8]. Oproti pfedchozim doporu-
¢enim z roku 2016 (DOP_2016) pfinesla
DOP_2020 nékteré zasadni zmény. Vedle
modifikace klinickych prognostickych
parametri (napf. pfesunuti stadia Il z vy-
sokého do vyssiho stiedniho rizika) je
to predevsim fakt, ze prikaz patogenni
sekvencni varianty v genu POLE svéd-
¢ici pro ultramutovany typ tumoru nebo
mutovany stav genu TP53 zasadnim zpQ-
sobem ovliviiuji 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 dalsi parametry zatazeny
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 diagnoze ve stadiu IA bez
ohledu na histologicky typ zafazeny do

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

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

Material a metody
Od jara roku 2021 je molekularni tes-
tovani EC ve FN Brno provadéno pro-
spektivné v rdmci standardniho histo-
patologického vysetieni vzdy, pokud je
k dispozici dostate¢né reprezentativni
vzorek tumoru pro imunohistochemické
a molekularné 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 opera¢ni vykon proveden,
jsou vysetreni v indikovanych pfipadech
doplnéna ze vzorku 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 komeréné 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 jadernd pozitivita)
¢i mutovany typ exprese (silna jaderna
exprese ve vice nez 80 % nadorovych
bunék, nulové jaderna exprese ¢i cyto-
plazmaticka exprese).

Metodika IHC analyzy MMR

K imunohistochemické analyze byly
pouzity komeréné 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-
sledk se fidi dle doporuceni College of
American Pathologists.

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

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

Stanoveni molekulérniho subtypu EC

Specifikace molekularniho subtypu EC

je reportovana u tumor(, 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 -
prikaz znamych 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 souc¢asné MMR proficience
i POLEwt

4) s nespecifickym molekularnim
profilem

Stratifikace pacientek podle miry
rizika recidivy

Nazékladé stagingu, histologického typu,
gradingu, stanoveni LVSI a vysledki mo-
lekuldrniho testovani je pacientka v rdmci
projednéni dalsiho postupu na Indikacni
onkogynekologické komisi (IOGK) zafa-
zena do pfislusné rizikové skupiny podle
DOP_2020 (tab. 3) [8]. Pokud bylo prove-
deno kompletni molekularni testovani
véetné analyzy genu POLE, je definitivni
riziko stanoveno na zakladé DOP_2020 -
Molekuldrni klasifikace znama. V situa-
cich, kdy by pfipadny priikaz patogenni
varianty genu POLE neménil |écebny po-
stup, jako jsou tumory spliujici kritéria
pro nizké riziko, nebo naopak disemino-
vané tumory v dobé diagnézy, je riziko
stanoveno na zakladé klinickych para-
metr( (tab. 3).

Kritéria pro indikaci genetické
konzultace

Visem pacientkdam s MMR-deficientnimi
tumory a/nebo s pozitivni rodinnou
anamnézou je v ramci projednéani na
IOGK doporucena také genetickd 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-
lekuldrniho testovani do klinické praxe
byly pacientky retrospektivné zara-
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].

Statistickd analyza

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

Tab. 4. Sekvence pouzitych primer.

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 medidnem 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 molekuldrniho testovani
byl median doby od operace po projed-
néni na IOGK 21 dni (8-36).

Vysledky molekuldrniho testovani
byly nasledujici: 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
prokazan ultramutovany typ tumoru.
U jedné pacientky nebyl vysetien status
p53audvou pacientek v nenizkém riziku
nebyla provedena analyza genu POLE
(tab. 6). V obou pfipadech se jednalo
o tumory diagnostikované v klinickém
stadiu IVB, kdy doplnéni 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 strednim, 14 pacientek (16 %) ve vys-
Sim stfednim a 20 pacientek (24 %) ve
vysokém riziku. Celkem 6 pacientek
(7 %) bylo diagnostikovéano s pokrocilym
nebo metastatickym onemocnénim.

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

Pfi porovnani rozdilt ve stratifikaci
pacientek podle miry rizika recidivy
na zékladé DOP_2020 a predchozich
DOP_2016 jsou patrné rozdily v po-
¢tech zafazenych pacientek prakticky ve
viech rizikovych skupindch s vyjimkou
pacientek diagnostikovanych s pokroci-
lym nebo metastatickym onemocnénim,
kde se kritéria pro zatazeni 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 (%)

LI}
A
B
e
v
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 pfipadi

n=85
66 (58-72)
33(29-35)

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

51 (60 %)
7(82%)
7 (8,2%)

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

0
4 (4,7 %)

67 (79 %)
13 (15 %)

2 (2,4 %)

1(1,2 %)

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

J

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 prikaz p53-
-mutovaného tumoru pfi absenci pra-
kazu MMRd a nemutovaném stavu genu
POLE) a u 7 (64 %) pacientek na zakladé
zmény v posuzovani vyznamnosti nékte-
rého z klinickych parametrd (tab. 7).
Geneticka konzultace byla nabidnuta
celkem 24 pacientkdm z celého sou-
boru - 22 pacientkdm na zékladé pra-
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 nosicstvi patogenni varianty
v nékterém z gen( asociovanych s Lyn-
chovym syndromem, u 8 (45 %) byl vy-
sledek negativni a u 6 (33 %) pacientek
byla detekovana varianta nejasného kli-
nického vyznamu.

Diskuze
Aktualizace DOP_2020 obsahujici im-
plementaci molekularni klasifikace pfi-

Tab. 6. Vysledky molekulérniho
testovani.
Vysledky testovani n=85
POLE, n (%)
MUT 0
WT 40 (100 %)
% nadorové tkang, 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 zasadni zmény do managementu
pacientek s nové diagnostikovanym
karcinomem endometria [8]. Predkla-
dana analyza shrnuje pilotni zkusenosti
s aplikaci téchto doporuceni do bézné
klinické praxe ve FN Brno. V navaznosti
na publikovana narodni doporuceni pro
molekuldrni testovani u karcinomu en-
dometria jsme se v rdmci Mezioborové
pracovni skupiny pro onkogynekologii
dohodli na algoritmu vy3etfeni a v pri-
béhu jara 2021 bylo zahajeno moleku-
larni testovani jako nedilna soucast ru-
tinniho histopatologického vysetieni.
Némi zvolena metodika molekularniho
testovani reflektuje klinickou potiebu
a vychazi z uvahy, ze vysetieni mutac-
niho stavu genu POLE neni nutné prova-
dét pausalné, protoze u pacientek s EC
splnujicich klinicka kritéria pro nizké ri-
ziko recidivy neméni pfipadné znalost
o ultramutovaném typu tumoru klinicky
postup, kterym je doporuceni dispen-
zarizace po operac¢nim vykonu bez nut-
nosti adjuvantni |écby. Vysetfeni stavu
p53 a MMR indikujeme u viech 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 lécba
ve snaze o redukci rizika recidivy one-
mocnéni. Pritkaz MMR-deficientniho tu-
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Tab. 7. Molekularni klasifikace karcinomu endometria - pfehled 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 molekuldrnim profilem, Sanger - analyza metodou

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

J

moru sice podle aktudlnich doporuceni
neovliviiuje zafazeni pacientky do né-
které z rizikovych skupin, ale umoziuje
identifikaci pacientek, u nichz je indiko-
véno dalsi dosetreni k vylouceni heredi-
tarni formy onemocnéni. Pi 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-
tacni stav genu POLE metodou Sange-
rova sekvenovani. Sekvenovani nové
generace vyuzivdme v soucasnosti u pa-
cientek s EC pfi vycerpanych moznos-
tech standardni systémové lécby poda-
vané s paliativnim zémérem, a to v rdmci
patrani po eventualni targetovatelné
1ézi v situacich, kdy je pacientka stéle
kandidatkou aktivniho terapeutického
pfistupu.

Jak dokladuji nase prvni zkusenosti,
nami zvolena metodika je v praxi pro-
veditelnd a nijak neprodluzuje dobu
nutnou k projednéni dalsiho postupu
v ramci primérni lécby u pacientek
s nové diagnostikovanym EC (median
doby od data diagnézy do projednéni
dalsiho postupu s vysledky histologie
byl v nasem souboru 21 dni (tab. 5). Pri
hodnoceni pilotnich vysledki v kon-
textu s dosud publikovanymi daty ma-
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]
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=
stredni
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n (pocet pacientek)
DOP_2016 - protokol FN Brno vychazejici z ESGO guidelines 2015 a narodnich doporuceni,
DOP_2020 - protokol FN Brno vychazejici z ESGO guidelines 2020 a narodnich doporuceni
J

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-
porcionalni rozlozeni jednotlivych stadii
v dobé diagndzy (68 % diagnostikovano
ve stadiu | a 32 % ve stadiu II-IV) odpo-
vida klinickym parametrim soubor(
v dosud publikovanych retrospektivnich
analyzach [3,4,6,7,10,11] i ve viibec prvni
préci popisujici zkusenosti s prospektiv-
nim stanovovanim molekularni klasifi-
kace u EC[12] (tab. 5 a 8).

Skutecnost, ze v nasem souboru ne-
byla zachycena zadnd pacientka s ultra-
mutovanym typem tumoru, mize byt
vysvétlena predevsim relativné malou
velikosti nasi pilotni kohorty v porov-
nani s velikosti souborl pacientek
v ramci dosud publikovanych studii, ob-
zvlasté vezmeme-li do Gvahy udavanou
frekvenci téchto typa 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 tumort s vyso-
kym i nizkym gradem. Napt. 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-
tencidlné POLE-ultramutovanym tu-
morem nebyla v nasem souboru vibec
testovéna, nebot znalost vysledku testo-

vani by nezménila nas klinicky postup.
Velky duraz je kladen na dostate¢né pro-
centudlni zastoupeni nddorové tkané ve
vzorku vybraném patologem pro ucely
Sangerova sekvenovani, a to vzhledem
k mozné limitaci této metody v senziti-
vité zachytu patogennich variant. Uda-
vany detek¢ni limit nami uzivané me-
todiky je 15-20 % mutované alely, tj.
nejméné 30-40 % bunék s mutaci. Pri
medianu 80 % nadorové tkané ve vzor-
cich urc¢enych k testovani POLE v nasi
pilotni kohorté nepredpokladdme 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 prabéhu kancerogeneze a jsou dete-
kovatelné jiz v prekurzorovych lézich.
Nepredpoklada se tedy vyznamny podil
falesné negativnich vysledk pfi analyze
mutacniho stavu POLE v dusledku 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 analyzovany pacientky ze studii
PORTEC-1 a PORTEC-2, tj. pouze s endo-
metroidnimi karcinomy pfi podilu HG tu-
morti 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 nami 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 |é¢bou a lé¢bou doporué¢enou
v ndvaznosti na zafrazeni pacientky do
rizikové skupiny podle recentnich ev-
ropskych doporuceni s vyuzitim mole-
kularniho testovéni (89 %) je v nasem pi-
lotnim souboru vysoka, vyssi nez napf.
v holandské studii posuzujici com-
pliance lékatl s aplikaci doporu¢enych
postupl 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 piindsi, ilustruje porovnani s pre-
dikci rizika recidivy podle predchoziho
DOP_2016 (graf 1) [2] a také detailni cha-
rakteristika parametrd, které byly da-
vodem pro zménu ve stratifikaci rizika
u jednotlivych pfipadu (tab. 7).

Hlavnim kladem nasi pilotni studie
je skutecnost, ze se jedna o prvni praci
svého druhu vyhodnocujici pragmatic-
kou implementaci molekularniho testo-
véni do bézné klinické praxe u pacientek
s nové diagnostikovanym karcinomem
endometria, kdy jsou stanovovény pa-
rametry p53 a MMR u viech 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
pred pfipadnou modifikaci zavedeného
postupu.

Zavér

Pilotni analyza nasich zkusenosti s im-
plementaci molekularniho testovani
u pacientek s nové diagnostikovanym
karcinomem endometria dokladuje,
ze kombinace imunohistochemickych
analyz proteinit MMR a p53 u véech 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 lécbé. Stanovovani novych mar-
kerl v rdmci 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 lépe tak cilit doporuceni
stran pfipadné adjuvantni lécby. Sa-
motny vysledek analyzy protein MMR
sice doposud nemél vliv na volbu opti-
malni strategie v ramci primarni lécby,
nicméné jeji plosné provadéni u viech
pacientek s nové diagnostikovanym kar-
cinomem endometria napomaha v $ir-
$im kontextu identifikovat ty pacientky,
které jsou nosickami dédi¢né dispozice
ke vzniku nadorovych onemocnéni.

Dedikace
Podporeno MZCR-RVO (FNBr, 65269705).
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The Department of Gynecology and Obstetrics at University Hospital Brno has
extensive experience with the sentinel lymph node biopsy method (see Chapter 5 for
details) in endometrial carcinoma, which enabled us to make a significant contribution
to the international multicenter study SENECA (Staging ENdomEtrial CAncer based on

molecular classification).

This study sought to assess the relationship between SLN (sentinel lymph node)
involvement and molecular subtypes of endometrial carcinoma in patients with early-

stage disease (FIGO 2009 stage I-1I).

This large, retrospective, multicenter observational study included 2139 patients
treated surgically for stage I-II endometrial cancer between January 2021 and
December 2022 across 66 institutions in 16 countries. All patients underwent sentinel
lymph node mapping according to ESGO recommendations, with SLNs evaluated by

ultrastaging or one-step nucleic acid amplification.

Sentinel lymph node metastases were detected in 9.6% of cases, with the majority
(67.8%) representing low-volume disease such as micrometastases or isolated tumor
cells. Among the molecular subtypes, SLN involvement was most frequent in p53abn
(12.5%) and MMRd (12.4%) tumors, compared to 7.8% in NSMP and 6.3% in POLEmut
subtypes. These differences were statistically significant, with both p53abn and MMRd
tumors showing increased odds of nodal metastasis compared to the NSMP (no specific

molecular profile) group.

Risk stratification according to the updated 2021 ESGO molecular classification
revealed SLN involvement in 2.84% of patients classified as low-risk, 6.62% in the
intermediate-risk group, 21.63% in the high-intermediate-risk group, and 22.51% in
the high-risk category. However, the predictive performance for lymph node

metastasis of the 2021 classification was comparable to that of the 2016 system (AUC:
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0.74 vs. 0.75; p = 0.73), suggesting that molecular stratification does not significantly

improve the identification of patients at risk for nodal disease.

In conclusion, the SENECA study demonstrated that sentinel lymph node involvement
varies significantly across molecular subtypes of endometrial carcinoma, with p53abn
and MMRd tumors exhibiting the highest rates of nodal metastasis. While molecular
classification adds substantial biological insight and refines prognostic stratification, it
does not currently outperform traditional histopathological criteria in predicting
lymph node status. Therefore, molecular profiling should not yet replace established
surgical staging algorithms, although it remains a crucial component of individualized
risk assessment and should be incorporated into future clinical research and trial

design.

The "SENECA study: staging endometrial cancer based on molecular classification” was

published in the International Journal of Gynecological Cancer (IF 4.5, Q1) in 2024.

The author’s contribution: data curation, manuscript writing - review and editing.
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ABSTRACT

Objective Management of endometrial cancer is
advancing, with accurate staging crucial for guiding
treatment decisions. Understanding sentinel lymph node
(SLN) involvement rates across molecular subgroups is
essential. To evaluate SLN involvement in early-stage
(International Federation of Gynecology and Obstetrics
2009 I-1l) endometrial cancer, considering molecular
subtypes and new European Society of Gynaecological
Oncology (ESGO) risk classification.

Methods The SENECA study retrospectively reviewed
data from 2139 women with stage |-Il endometrial cancer
across 66 centers in 16 countries. Patients underwent
surgery with SLN assessment following ESGO guidelines
between January 2021 and December 2022. Molecular
analysis was performed on pre-operative biopsies or
hysterectomy specimens.

Results Among the 2139 patients, the molecular
subgroups were as follows: 272 (12.7%) p53 abnormal
(p53abn, 1191 (55.7%) non-specific molecular profile
(NSMP), 581 (27.2%) mismatch repair deficient (MMRd),
95 (4.4%) POLE mutated (POLE-mut). Tracer diffusion
was detected in, at least one side, in 97.2% of the cases;
with a bilateral diffusion observed in 82.7% of the cases.
By ultrastaging (90.7% of the cases) or one-step nucleic
acid amplification (198 (9.3%) of the cases), 205 patients
were identified with affected sentinel lymph nodes,
representing 9.6% of the sample. Of these, 139 (67.8%)
had low-volume metastases (including micrometastases,
42.9%; and isolated tumor cells, 24.9%) while 66 (32.2%)
had macrometastases. Significant differences in SLN
involvement were observed between molecular subtypes,
with p53abn and MMRd groups having the highest rates
(12.50% and 12.40%, respectively) compared with NSMP
(7.80%) and POLE-mut (6.30%), (p=0.004); (p53abn,
0R=1.69 (95% Cl 1.11 to0 2.56), p=0.014; MMRd, OR=1.67
(95% Cl 1.21 to 2.31), p=0.002). Differences were also
noted among ESGO risk groups (2.84% for low-risk
patients, 6.62% for intermediate-risk patients, 21.63% for
high—intermediate risk patients, and 22.51% for high-risk
patients; p<0.001).

35,36

,%8 Nabil Manzour " *°

40

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The molecular profile of endometrial cancer is a
strong independent prognostic factor and predicts
the response to adjuvant treatment. However, its
influence on lymph node involvement in early endo-
metrial cancer is unknown.

WHAT THIS STUDY ADDS

= Molecular subgroups of endometrial cancer have
distinctive sentinel node involvement patterns. The
p53 abnormal and mismatch repair deficient molec-
ular profile are the two groups with the highest ten-
dency to present nodal involvement. The European
Society of Gynaecological Oncology high—intermedi-
ate risk and high prognostic risk groups are groups
with high lymph node involvement.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In this study, molecular profiling emerges as a
predictor of nodal involvement. This suggests the
potential of molecular classification in the personal-
ization of surgical lymph node staging protocols for

patients with endometrial cancer.

Conclusions Our study reveals significant differences
in SLN involvement among patients with early-stage
endometrial cancer based on molecular subtypes. This
underscores the importance of considering molecular
characteristics for accurate staging and optimal
management decisions.

INTRODUCTION

Endometrial cancer is the most common gynecolog-
ical cancer in Europe, encompassing a 5-year prev-
alence of 34.7%, amounting to 445805cases.’ In
recent years, sentinel lymph node biopsy (SLN) has
emerged as a viable alternative to complete lymph
node dissection in early-stage disease.?® Prospective
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clinical trials have confirmed the high sensitivity to detect lymph
node metastasis and the high negative predictive value using a
standardized SLN algorithm in high-risk/high-grade endometrial
cancer.*” In particular, when performed according to state-of-
the-art principles, a negative SLN is acceptable to confirm pN0.2°

The Cancer Genome Atlas Research Network identified in 2013
four molecular subgroups of endometrial cancer with different
clinical and prognostic outcomes.'™™ The significance of this
development led the European Society of Gynecologic Oncology
(ESGO) to the integration of the new molecular classification into
the prognostic risk classification of endometrial cancer.® This tran-
sition involved shifting from a risk classification based purely on
histopathologic factors to a new prognostic risk classification that
incorporates the molecular subtype in addition to the different
histologic features. However, there is a lack of evidence on the role
of molecular classification in the sentinel node biopsy algorithm.®

Therefore, the primary objective of this study was to assess
the rate of SLN involvement according to the different molecular
subtypes in patients with stage |-l endometrial cancer (Interna-
tional Federation of Gynecology and Obstetrics (FIGO) 2009).'
Second, we aimed to evaluate the accuracy of the new ESGO
prognostic risk classification (including molecular profiling) for the
prediction of SLN involvement with respect to the classic risk clas-
sification (based on histological factors).

METHODS

Study Design

The study was a retrospective multicentric international obser-
vational study reviewing data of patients diagnosed with early-
stage (FIGO stage 2009 I-Il)'® endometrial cancer who underwent
standard surgical protocol according to ESGO guidelines® including
total hysterectomy and bilateral salpingo-opherectomy together
with the SLN algorithm® between January 2021 and December
2022. Patients were considered eligible if all the following criteria
were met: age 18 years or older; histological confirmation of endo-
metrial cancer with endometrioid histology or high-risk histology
(serous, clear cell, carcinosarcoma, and mixed histologies); pre-
operative FIGO stage | or Il by MRI or ultrasound; pre-operative CT
scan or PET-CT without evidence of local or distant disease (could
be omitted in low-risk and intermediate-risk endometrial carci-
noma with low-grade histology according to the ESGO guidelines.®
In addition, a detailed SLN study protocol had to be accredited,
either by ultrastaging or one-step nucleic acid amplification.'® 7
Molecular analysis had to be performed on the pre-operative biopsy
or hysterectomy specimen.

The definition of POLE was predicated on the identification of
exonuclease domain mutations within the gene. The participating
centers employed diverse DNA sequencing methodologies, encom-
passing next-generation sequencing and Sanger sequencing. Defi-
nition of mismatch repair deficient (MMRd): An MMRd tumor was
discerned via the immunostaining of at least two (PMS2 and MSH6),
or preferably four (PMS2, MLH1, MSH6, and MSH2) MMR proteins.
The complete absence of expression in one or more of these MMR
proteins constituted a diagnostic criterion for MMRd endometrial
cancer. Analysis of p53: p53 immunostaining was regarded as a
near-flawless surrogate marker for an underlying TP53 mutation in

nearly all cases studied. In only a handful of instances, the deter-
mination of TP53 was additionally corroborated by extensive DNA
sequencing techniques; both results were admitted for classifica-
tion purposes.

According to ESGO guidelines, POLE mutation analysis could be
omitted in low-risk and intermediate-risk endometrial carcinoma
with low-grade histology (stage IA endometrioid+low-grade +
lymphovascular space invasion (LVSI) negative or focal or stage
IB endometrioid+low-grade + LVSI negative or focal) while infor-
mation on MMRd and p53 abnormal (p53abn) status was avail-
able in all cases.® Patients were excluded if they were pregnant; if
they had undergone previous hysterectomy and/or previous pelvic/
para-aortic lymphadenectomy; if extra-uterine disease (peritoneal,
visceral, or suspicious lymph node metastasis) was present; or they
had a past medical history of any invasive tumor, previous abdom-
inal or pelvic radiotherapy of any type (including brachytherapy),
and history of pre-operative neoadjuvant chemotherapy.

Accrual and Data Source
Gynecological cancer centers/units/hospitals regularly performing
elective surgeries for endometrial cancer internationally were
invited to participate. Invitations were sent through international/
national and informal networks. Participating sites registered with
the central audit team at Clinica Universidad de Navarra and were
provided with unique user access credentials for the database.
Each participating site identified a principal investigator who
was responsible for coordinating data entry at their local site.
After obtaining ethical consent from our central institutional review
board, we required a certificate of approval from the local ethics
committees from all the investigators. An anonymized complete
case record form, including 140 items by Google Forms database
was sent to all the principal investigators. Before completing the
case collection, all researchers signed a final declaration affirming
that all the submitted data matched the data in the patients' charts.
The trial was registered in clinicaltrials.gov under the identification
number NCT05707312.

Statistical Analysis

A sample size of 1032 patients may provide sufficient statistical
power to evaluate the association between molecular subgroups
and sentinel lymph node status. We assumed a 90% power for a two-
sided p value of 0.05 and a minimum difference of 4.4 percentage
points in prevalence rates of positive lymph nodes. We expected a
potential dropout rate of 10%. Quantitative data will be presented
as mean and SD and qualitative variables with absolute values and
percentages. Additionally, qualitative variables among groups will
be compared by X? test or Fisher exact test; and quantitative vari-
ables with t-test and analysis of variance test.

The primary objective was to evaluate the lymph node involve-
ment rate (sentinel) for each molecular subtype in patients with
stage |-l endometrial cancer. The sentinel lymph node involvement
rate included isolated tumor cells (isolated tumor cells <0.2mm
or less than 200 tumorous cells in a single histologic section),
micrometastases (0.2-2 mm or more than 200 tumorous cells
in a single histologic section) and macrometastases (metastases
>2mm). The SLN involvement was compared among molecular
subtype groups (POLE-mutated (POLE-mut); MMRd; non-specific
molecular profile (NSMP); and p53abn. Patients harboring more
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2258 Patients
Endometrial Cancer Stage I/11
TLH + BSO + SLN Algorithm Jan 2021-Dec 2022
Tested Molecular Classification

Inclusion criteria:
¥ Histological confirmation of EC with endometrioid
histology or high risk histology (serous, clear cell,
carcinosarcoma and mixed histologies)
¥ Preoperative FIGO stagel or |1 by MRl or US
v Preoperative CT-Scan or PET-CT without evidence
of local or distant disease (only in high risk group)
Exclusion criteria:
v Previous hysterectomy
¥ Presence of extrauterine disease
¥ Previous PLN/PALND

Primary Endpoint:
¥ % SLN+ for each Molecular Subtype
Secondary Endpoint:
¥ % SLN+ for each Prognostic Risk Group

Excluded Patients:
¥ 119: Non-compliance of inclusion criteria

Figure 1

2139 Patients
v Fulfilled all the Inclusion-Exclusion criteria

Flowchart of study population. BSO, bilateral salpingo-opherectomy; EC, endometrial cancer; FIGO, International

Federation of Gynecology and Obstetrics; PALND, para-aortic lymph node dissection; PLN, pelvic lymph node; SLN, sentinel

lymph node; TLH, total hysterectomy.

than one molecular feature were classified according to the guide-
line’s recommendations.® The rate of sentinel lymph node involve-
ment was studied including isolated tumor cells; however, for
staging purposes, isolated tumor cells were considered as pNOi+.

The hypothesis is that there will be differences in the lymph node
involvement rate among molecular subtype groups. The z-test for
independent proportions and the logistic regression will be used to
test this hypothesis.

The secondary objectives include evaluation of the lymph node
involvement rate (sentinel) for each ESGO prognostic risk group
(new risk classification including molecular profile versus classic
risk classification without including molecular profile). The patients
were categorized according to the ESGO classification criteria
into: low-risk, intermediate-risk, high—intermediate and high-risk
groups.8 Nodal status was not taken into account to establish the
groups since it was the target variable. For the multivariate anal-
ysis, a logistic regression model will be used. All analyses were
performed with the IBM SPSS 26.0 and the Stata 14 packages.

RESULTS

From January 1,2023, to September 1,2023, we collected data from
2258 patients across 66 institutions spanning 16 different coun-
tries. A total of 119 patients did not meet the inclusion—exclusion
criteria or had missing information and were excluded (Figure 1).
Tables 1 and 2 show the patient characteristics. Mean age was
64.5 years (SD 10.80). Mean body mass index was 30.2 kg/m? (SD
6.65). The diagnostic method used in most patients was hyster-
oscopy (998 (46.7%)) followed by blind biopsy (630 (29.5%)) and
curettage (476 (22.3%)). Regarding the surgical approach, a total

of 2026 patients (94.7%) underwent minimally invasive procedures
and 113 were operated by laparotomy (5.3%). Among patients who
underwent minimally invasive surgery, 594 patients (27.8%) were
operated on robotically.

Focusing on the SLN approach, the majority of the cases, 2059
(96.2%), were performed with indocyanine green as a tracer (alone
or in combination), injected at a volume of 4cc (1544 (72.2%)
patients). In 1686 (78.8%) patients lymph node staging was
performed exclusively by sentinel lymph node biopsy. The median
number of sentinel nodes was two per patient (range 0-6). Tracer
diffusion was detected in, at least one side, in 97.2% of the cases;
with a bilateral diffusion observed in 82.7% of the cases. By ultrast-
aging (1941 (90.7%) of the cases)) or one-step nucleic acid ampli-
fication (198 (9.3%) of the cases), 205 patients were identified with
affected sentinel lymph nodes, representing 9.6% of the sample. Of
these, 139 (67.8%) patients had low-volume metastases (including
micrometastases, 42.9%; and isolated tumor cells, 24.9%) while
66 (32.2%) patients had macrometastases. The most common final
pathology was low-grade (1655 (77.4%) cases, including G1 and
G2 tumors) endometrioid tumors (1866 (87.2%) cases) without
lymphovascular space invasion (1649 (76.7%) cases). FIGO 2009
stages | and Il were recorded in 1946 (90.9%) of the cases.

Molecular profiling was predominantly tested in the final post-
operative specimen (64.5% of the cases vs 35.5% tested pre-
operatively). A complete molecular profile was obtained in 1217
(56.8%) cases, while in 922 (43.2%) patients, POLE-mut analysis
was omitted due to low-risk or intermediate-risk endometrial
cancer with low-grade histologies. Concerning the distribution of
the groups, the most prevalent groups were NSMP in 1191 (55.7%)
cases and MMRd in 581 (27.2%), followed by p53abn in 272
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Table 1 Baseline characteristics

Baseline characteristics n=2139
Age (years), mean (SD) 64.55 (10.80)
Body mass index (kg/m?),mean (SD) 30.24 (6.65)
Diagnostic method, N (%)
Hysteroscopy 998 (46.7)
Blind biopsy 630 (29.5)
Gynecologic curettage 476 (22.3)
Not reported 35 (1.6)
Surgical approach, N (%)
Laparoscopic 1432 (66.9)
Robotic 594 (27.8)
Open 113 (5.3)
Nodes approach, N (%)
SLNB 1686 (78.8)
SLNB+PLND (only one pelvic side) 131 (6.1)
SLNB+PLND (both pelvic sides) 188 (8.8)
SLNB+PLND (one side) + PALND 7 (0.3)
SLNB+PLND (both sides) + PALND 115 (5.4)
SLNB+PALND 12 (0.6)
Tracer, N (%)
Indocyanine green 1865 (87.2)
Radiocolloid and indocyanine green 189 (8.8)
Blue dye 74 (3.5)
Blue dye and indocyanine green 5(0.2)
Radiocolloid and blue dye 2(0.1)
Not reported 4(0.2)
Tracer volume, N (%)
4cc 1544 (72.2)
2cc 371 (17.3)
1cc 90 (4.2)
Not reported 134 (6.3)
SLN median, number (range) 2 (0-6)
SLN distribution, N (%)
Both pelvic sides 1729 (80.8)
Right pelvic side 152 (7.1)
Left pelvic side 150 (7.0)
Both pelvic sides+aortic area 41 (1.9)
Left pelvic side+aortic area 8 (0.4)
Right pelvic side+aortic area 1(0.05)
Aortic area 1(0.05)
No SLN identified 5/ (2:10)
SLN diagnostic method, N (%)
Ultrastaging 1941 (90.7)
OSNA 198 (9.3)
SLN involvement, N (%) 205 (9.6)
Isolated tumor cells 51 (24.9)
Continued

Table 1 Continued

Baseline characteristics n=2139
Micrometastases 88 (42.9)
Macrometastases 66 (32.2)

OSNA, one-step nucleic acid amplification; PALND, para-aortic
lymph node dissection; PLND, pelvic lymph node dissection; SLN,
sentinel lymph node; SLNB, sentinel lymph node biopsy.

(12.7%) patients. The lowest prevalence group was POLE ultramu-
tated in 4.4% of cases (95 patients).

Among the 205 patients with sentinel node involvement, we
observed significant differences between molecular subtypes,
with the p53abn and MMRd subgroups being the two groups with
the highest rate of sentinel node involvement, 12.5% and 12.4%,

Table 2 Histopathological and molecular characteristics

Histology, N (%)

Endometrioid 1866 (87.2)
Serous 129 (6.0)
Mixed histology 63 (2.9
Carcinosarcoma 42 (2.0)
Clear cell 30 (1.4)
Not reported 9(0.4)
Grade, N (%)
Low grade 1655 (77.4)
High grade 432 (20.2)
Not reported 52 (2.4)
LVSI, N (%)
No 1649 (76.7)
Yes 479 (22.4)
Not reported 20 (0.9)
FIGO stage 2009, N (%)
1A 1278 (59.7)
1B 518 (24.2)
Il 150 (7.0)
A 28 (1.3)
1B 5(0.3)
1c1 154 (7.2)
nca 4(0.2)
\% 2(0.1)
Molecular profile, N (%)
POLE-mut 95 (4.4)
MMRd 581 (27.2)
NSMP 1191 (65.7)
p53abn 272 (12.7)

FIGO, International Federation of Gynecology and Obstetrics;
LVSI, lymphovascular space invasion; MMRd, mismatch repair
deficient; NSMP, non-specific molecular profile; p53abn, p53

abnormal ; POLE-mut, POLE-mutated.
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P53ABN

MMRd OR 1.67 (95%(C1:1.21-2.31), p=0.002
p53abnOR 1.69(95%C1:1.11-2.56) p=0.014

Figure 2 Rate of sentinel lymph node involvement according to the molecular profile. MMRD, mismatch repair deficient;
NSMP, non-specific molecular profile; p53ABN, p53 abnormal; POLE, polymerase epsilon.

respectively, compared with 7.8% in NSMP and 6.3% in POLE ultra-
mutated (p=0.004) (Figure 2). Patients with MMRd and p53abn had
a 1.6 times higher chance of having sentinel lymph node involve-
ment (OR=1.67 (95% Cl 1.21 to 2.31), p=0.002 and OR=1.69 (95%
Cl 1.11 to 2.56), p=0.014, respectively). In this context, a higher
rate of deep myometrial invasion (40.1%) was observed in the
MMRd group, as well as a higher prevalence of high-grade (62.1%)
non-endometrioid tumors (61.4%) with positive LVSI (31.6%) in the
p53abn group (p<0.001).

Finally, significant differences in the SLN involvement rate
were observed between the different groups of the new (molec-
ular profile known) ESGO prognostic risk classification (2.84% for
low-risk patients, 6.62% for intermediate-risk patients, 21.63% for
high-intermediate risk patients and 22.51% for high-risk patients;
p<0.001) (Figure 3A). This rate of nodal involvement remained very
similar compared to the old (molecular profile unknown) ESGO
prognostic risk classification (2.6% in low risk, 7.0% in interme-
diate risk, 20.6% in high—intermediate risk and 23.4% for high-risk
patients) with no significant differences in the area under the curve
between the two models (AUC 0.74 vs 0.75; p=0.73) (Figure 3B).

DISCUSSION

Summary of Main Results

In this retrospective study we showed that there are significant
differences in sentinel node involvement for patients with early-
stage endometrial cancer according to their molecular subtypes
(p53abn: 12.50%; MMRd 12.40%; NSMP: 7.80%; POLE ultramu-
tated: 6.30%). Second, we have defined the rate of SLN involvement
for each of the new ESGO prognostic risk groups including molec-
ular profiling (2.8% for low-risk patients, 6.6% for intermediate-risk

patients, 21.6% for high—intermediate risk patients, and 22.5%
for high-risk patients; p<0.001). This rate of nodal involvement
remained very similar to that of the old ESGO prognostic risk clas-
sification (without including molecular profiling), with no significant
differences in the area under the curve between the two models.

Results in the Context of Published Literature

This is a real-life study, in which a tracer distribution rate of 97.2%
was revealed, with a bilateral mapping rate of 82.7%. These figures
are in line with previous prospective studies.*” However, this bilat-
eral tracer distribution rate highlights a lack of standardization of
the sentinel node dissection technique. A competency assess-
ment tool for performing SLN biopsy in surgical quality assurance
is now available from Moloney et al.'® This might help to reduce
the morbidity associated with lymphadenectomy in cases of tracer
non-diffusion and to increase the rate of bilateral mapping.

Our study shows that 205 patients with stage -l (FIGO 2009)
endometrial cancer had sentinel lymph node involvement (9.6%),
of which 24.9% had isolated tumor cells. With the introduc-
tion of ultrastaging and the one-step nucleic acid amplification
protocol,® 7 '° isolated tumor cells are increasingly identified in
routine practice. Isolated tumor cells are not considered as pTN+,
although they seem to have prognostic implications. Recently, Cuci-
nella et al”® conducted a multicenter retrospective study comparing
the prognosis of patients with negative nodes versus those with
isolated tumor cells in sentinel lymph nodes who are considered
low risk—namely, FIGO 2009 IA cases with endometrioid grade 1
or 2. From 15 centers worldwide, 494 patients (42 isolated tumor
cells and 452 node negative) were included. Twenty-one recur-
rences (4.3%) were identified, including in five patients with isolated
tumor cells and 16 patients with negative lymph nodes. The study
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Figure 3 Rate of sentinel lymph node (SLN) involvement according to the European Society of Gynaecological Oncology
(ESGO) prognostic risk classification (A). Area under the curve for the risk of sentinel lymph node involvement for the two

models (B).

found that isolated tumor cells, grade 2, and lymphovascular space
invasion were all associated with worse recurrence-free survival
in the univariate analysis. Even when considering patients with
negative lymphovascular space invasion, the presence of isolated
tumor cells was still associated with higher non-vaginal recurrence
(HR=4.47, 95%Cl 1.21 to 16.6, p=0.03). Currently the author’s
group are conducting prospective studies to decide what is best
when making recommendations in low-grade endometrioid endo-
metrial cancer with isolated tumor cells. Until then, we should focus
on uterine factors and molecular profiling of endometrial tumors to
make the most educated decision for our patients.?'

Regarding the molecular profile, a similar distribution was
observed to that described by Kommoss et al'® in the final vali-
dation of the ProMisE study where 452 patients with endometrial
carcinoma and molecular profile were identified. Of these, 55.7%
belonged to the NSMP group, 28.1% to MMRd followed by 12.2%
belonging to the p53abn group, with ultramutated POLE being

the least prevalent group with 9.3% of patients. In our study we
obtained information from 2139 patients with a molecular profile;
of these, the percentage of patients identified with ultramutated
POLE was slightly lower (4.4% vs 9.3%) probably because their
analysis was omitted in 43.2% of the sample due to low risk or
intermediate risk endometrial cancer with low-grade histologies.
As in the study by Kommoss et al, p53abn and MMRd remained
the two molecular groups with the greatest lymph node involve-
ment (34.5%p53abn and 9.4% MMRd vs 12.50% and 12.40%,
respectively, in our study). This association was also observed by
Jamieson et a2 who reported retrospective data of 172 patients
undergoing sentinel node mapping plus lymphadenectomy. The
authors showed that molecular classification was correlated with
the probability of nodal involvement (p53abn 44.8%; MMRd 14.9%;
POLE mutated 14.2%; NSMP 10.8%). According to our findings,
this greater likelihood of these two groups (p53abn and MMRd) of
having positive SLNs could be influenced by the higher rate of deep
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myometrial invasion in the MMRd group or the greater prevalence
of LVSI-positive high-grade non-endometrioid tumors in the p53abn
group.

Finally, we have defined the rate of sentinel lymph node involve-
ment for each of the risk groups of the new ESGO prognostic risk
classification. This rate of nodal involvement is similar to that
described by Persson et al for the high-risk group in the SHREC
trial (22.5% vs 21.0%),* but there were differences for the inter-
mediate group with respect to that described by Bjgrnholt et al in
the SENTIREC trial (6.6% Vs 22.5%).% These differences might be
due to the definition of intermediate risk in the SENTIREC study,
which did not consider molecular classification or lymphovascular
status. These variables, as demonstrated in the latest 2023 FIGO
classification,?* are fundamental to define the stage of the patients
adequately. In fact, in a recent analysis performed by Schwameis
et al, 27.6% of the stages changed with respect to the 2009 FIGO
classification when these variables were taken into account. Partic-
ularly in early-stage disease, the new substages (including molec-
ular subtypes) added further prognostic granularity and identified
treatment relevant subgroups.?

Strengths and Weaknesses

Overall, the strengths of this study include a collaborative effort
of 66 institutions from 16 countries where comprehensive data
were collected on 2139 patients. Another strength of our study
was that all patients were staged following the SLN algorithm. It
is also important to emphasize that our study is, to the best of our
knowledge, the first study with a large cohort of patients showing
that patients with stage |-l (FIGO 2009) endometrial cancer differ
in sentinel node involvement with respect to molecular profile as
well as prognostic risk group. However, we recognize that such
groups, by definition, might already be at a lower risk of lymph
node involvement.

Our study has several weaknesses due to the retrospective
nature, including the fact that there was no formal auditing of the
data. To account for these limitations, we provided the participating
sites with a strict list of inclusion and exclusion criteria, and all
investigators declared that the reported information adhered to
the data in the reviewed charts. In addition, there is a 43.2% of
incomplete molecular profile (without ultramutated POLE analysis)
due to the presence of low-risk or intermediate-risk endometrial
cancer with low-grade histologies; therefore, within the NSMP
group there could potentially be some patients belonging to the
ultramutated POLE group. While our study benefited from being
able to collect data from multiple centers worldwide, it is essential
to acknowledge the variability inherent in the equipment used for
DNA sequencing methodologies and antibodies used for immuno-
histochemical determinations across these centers. Nonetheless,
it is worth noting that each center has undergone rigorous quality
assurance measures, contributing to the reliability of their respec-
tive results. However, it should be remarked that we did not perform
a centralized data review. There are also 24.9% of patients with
lymph nodes affected by isolated tumor cells with uncertain impact
on oncologic outcomes. This, together with the small number of
events, represents a further limitation.

Implications for Practice and Future Research
Molecular classification represents a paradigm shift in the knowl-
edge of endometrial cancer. Currently, evidence is lacking on how

Original research

molecular profiling impacts surgical staging. Correct staging of
the disease is crucial to properly manage these patients and avoid
undertreatment or overtreatment. The present study shows that
there are two molecular groups (p53abn and MMRd) with a greater
tendency to have lymph node involvement. However, molecular
profiling did not improve the prediction of nodal status when
compared with classic risk factors (FIGO stage and final histology)
since the rate of nodal involvement remained very similar between
groups with no significant differences in the area under the curve
between the two models. For that reason, lymph node staging
should not yet be adopted based on molecular profiling as prospec-
tive studies are needed to validate whether these differences affect
survival.?

This trend was also observed in the prospective PROME trial,?’
in which molecular features were not associated with the risk of
having nodal metastases (OR=1.03, 95% Cl 0.21 to 5.05, p=0.969
for POLE-mut; OR=0.788, 95% Cl 0.32 to 1.98, p=0.602 for p53abn;
0R=1.14, 95%Cl 0.53 to 2.42, p=0.733 for MMRd/microsatellite
instability-high). Bogani et al observed at multivariable analysis that
only deep myometrial invasion (OR=3.318, 95% Cl 1.357 to 8.150,
p=0.009) and lymphovascular space invasion (OR=6.584, 95% Cl
2.663 to 16.279, p<0.001) were correlated with the increased risk
of positive nodes.

Furthermore, we have defined the rate of sentinel lymph node
involvement for each ESGO prognostic risk group. We believe that
these data will be helpful for tailoring the surgery of these complex
patients due to frequent obesity and adhesions. In this sense we
would like to emphasize the importance of implementing the pre-
operative definition of the molecular profile as it has been shown
to have a good correlation with the definitive biopsy.?® This could
be useful to define pre-operatively the prognostic risk groups and
therefore facilitate decision-making during surgery.?

For all these reasons, the present study should be considered as
a hypothesis-generating study to stimulate an international collab-
oration to prospectively investigate the potential role of molecular
classification in the surgical staging of patients with endometrial
cancer,” validating the results obtained by our group. In the mean-
time, we believe that from now on, in all prospective and retrospec-
tive studies on sentinel lymph node biopsy and endometrial cancer,
the definition of the molecular profile should be considered as a
variable to be weighted for the risk of lymph node involvement.

CONCLUSIONS

In this retrospective study, significant differences were found for
nodal involvement in patients with stage I-Il endometrial cancer
(FIGO 2009) according to molecular profile. Patients belonging to
the p53abn and MMRd groups were associated with a higher rate
of sentinel lymph node involvement.
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The molecular classification has undoubtedly become a routine component of
definitive histopathological assessment in many countries. It is primarily used to
stratify patients into risk groups that guide decisions on adjuvant therapy. However,
knowledge of the definitive risk group may also influence the surgical management
approach. For example, it may determine whether to proceed with or omit a side-
specific systematic pelvic lymphadenectomy in cases of intraoperative sentinel node

mapping failure.

In this retrospective single-center study, conducted at the Department of Obstetrics
and Gynecology, University Hospital Hradec Kralové, we evaluated whether the
integration of molecular classification improves the accuracy of preoperative risk
stratification in patients with endometrial cancer following the 2021
ESGO/ESTRO/ESP guidelines. A total of 143 patients with apparent early-stage EC
(FIGO 2009 stage I-1I) who underwent surgical treatment between January 2022 and

December 2024 were included.

Preoperative staging was based on expert transvaginal ultrasound, complemented by
CT (computed tomography) imaging and histological assessment. Molecular
classification was derived from IHC for mismatch repair proteins and p53, and NGS

for TP53 and POLE mutations.

The study demonstrated that adding molecular profiling significantly increased the
accuracy of preoperative risk classification from 59.4% to 73.4%. The agreement
between preoperative and postoperative risk groups improved accordingly, with
Cohen’s kappa increasing from 0.551 to 0.767, indicating a shift from moderate to

good concordance.
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The most significant benefit of molecular profiling was observed in correctly
identifying high-risk patients. However, misclassification still occurred in 26.6% of
patients, largely due to factors not reliably detectable preoperatively, such as LVS],

depth of invasion, or lymph node metastases.

The findings support the incorporation of molecular classification into preoperative

assessment to refine surgical planning and guide the extent of lymph node staging.

The study entitled "Preoperative Risk Stratification in Endometrial Cancer Using
ESGO/ESTRO/ESP 2021 Guidelines: Accuracy with and without Molecular
Classification“was published in the BMC Cancer (IF 3.4, Q2) in 2025.

The author’s contribution: first author, conceptualization, methodology, data curation,

manuscript writing - original draft.
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Abstract

Background The study aimed to evaluate the impact of integrating molecular classification with imaging-based
preoperative staging on risk stratification prediction in endometrial cancer patients in accordance with ESGO/ESTRO/
ESP (European Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European
Society of Pathology) 2021 guidelines.

Methods A retrospective cohort of 143 endometrial cancer patients was analyzed to assess changes in preoperative
risk stratification after incorporating molecular classification into clinical evaluation. Preoperative clinical staging

was primarily based on transvaginal ultrasound imaging. The overall agreement between preoperative risk group
estimates (with/without molecular classification) and final postoperative outcomes was assessed using weighted
Cohen'’s Kappa, with bootstrap 95% confidence intervals and quadratic weights.

Results The addition of molecular classification significantly improved preoperative risk stratification accuracy
(from 59.4 to 73.4%), particularly for patients post-operatively classified as high-risk. Kappa values indicated an
improvement in overall agreement between preoperative and postoperative risk stratification following the addition
of molecular classification, from 0.551 (95% Cl: 0.430-0.671) to 0.767 (95% Cl: 0.675-0.849). The non-overlapping
confidence intervals indicated statistical significance. Preoperative assessment without molecular input tended to
underestimate risk stratification. However, 26.6% of patients remained misclassified due to other factors, mostly within
the intermediate and high-intermediate risk groups.

Conclusions Incorporating molecular classification enhances preoperative risk stratification and has the potential
to tailor surgical treatment. Further validation through prospective multicentric studies is needed to support our
findings.

Keywords Endometrial cancer, Molecular classification, Sentinel node biopsy, Risk stratification, Ultrasonography,
Next-generation sequencing, ESGO/ESTRO/ESP 2021 guidelines
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Background

Endometrial cancer remains the most common gyne-
cological malignancy in developed countries, with inci-
dence rates showing no signs of decline in recent years
[1]. In the past decade, significant progress has occurred
in clinical practice, particularly with the adoption of
molecular classification (MC) and sentinel lymph node
biopsy (SLNB). The 2021 ESGO/ESTRO/ESP (European
Society of Gynaecological Oncology/European Society
for Radiotherapy and Oncology/European Society of
Pathology) guidelines introduced updated risk stratifica-
tion categories—low, intermediate, high-intermediate,
and high-risk of recurrence—enabling more tailored
treatment approaches [2].

Preoperative risk stratification guides surgical deci-
sion-making and is traditionally based on histological
type, tumor grade, and disease stage determined through
expert ultrasonography or MRI (magnetic resonance
imaging), without molecular classification. Accurate
imaging is essential for evaluating myometrial and cervi-
cal invasion. In cases of sentinel node biopsy failure, par-
ticularly among high-intermediate and high-risk patients,
side-specific lymphadenectomy is recommended for
accurate nodal staging [2]. Conversely, in low and inter-
mediate-risk patients, particularly those without myome-
trial invasion, lymph node staging may be safely omitted
in case of SLNB failure.

In clinical practice, postoperative risk classification
incorporates definitive histological findings, including
LVSI (lymphovascular space invasion), alongside molec-
ular features, which may alter risk categories and guide
adjuvant therapy. For example, a low-grade, FIGO (Inter-
national Federation of Gynecology and Obstetrics) 2009
stage IA tumor (initially low-risk) may be upgraded to
high-risk if a P53 (Tumor protein 53) mutation is found
postoperatively, while high-intermediate risk tumors
with cervical invasion may be downgraded if a POLE
(Polymerase €) mutation is identified [2]. Molecular clas-
sification refines the use of chemotherapy, radiotherapy,
or hormonal therapy, ensuring tailored treatment. High-
risk patients benefit from intensified therapy, while low-
risk patients avoid unnecessary interventions. Moreover,
molecular classification improves the prediction of treat-
ment response [3].

This study aimed to evaluate whether incorporating
MC into the preoperative staging of apparent early-stage
(FIGO 2009 stages I-1I) endometrial cancer improves risk
stratification according to the ESGO/ESTRO/ESP guide-
lines. The study also assessed whether preoperative risk
stratification without MC is more susceptible to underes-
timation or overestimation.
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Methods

Patients and clinical data

This retrospective observational single-center study
was conducted at the Gynecological Oncology Center
of University Hospital Hradec Kralove, Czech Republic.
Patients who underwent surgical treatment for histo-
logically confirmed endometrial cancer (EC) between
January 2022 and December 2024 were consecutively
included.

Inclusion criteria included: apparent early-stage
endometrial cancer (FIGO 2009 stages I-II), available
histology from biopsy (dilatation and curettage or hyster-
oscopy) and definitive hysterectomy, preoperative stag-
ing by expert ultrasound, pelvic-abdominal-chest CT
(computed tomography; waived in low-risk cases), and
immunohistochemistry (IHC) for p53, mismatch-repair
proteins (MMR), as well as next-generation sequencing
(NGS) analysis for TP53 and POLE mutations (waived in
low-risk cases).

Exclusion criteria included patients with synchronous
malignancies, apparent advanced-stage disease (FIGO
2009 stages III-1V), or missing essential data (molecular
classification, imaging results). We also excluded patients
without confirmed malignant histology from the pre-
operative biopsy—these were cases where only atypical
hyperplasia/benign histology was reported preopera-
tively or where no biopsy was performed at all (e.g., sur-
gery was indicated for other reasons such as fibroids or
uterine prolapse, and endometrial cancer was diagnosed
incidentally in the hysterectomy specimen).

Data collected included: age, BMI (body mass index),
ultrasound and CT findings (depth of myometrial inva-
sion, cervical involvement, lymphadenopathy, distant
metastases), and histopathological details from biopsy
and final histology (FIGO 2009 stage, histological type,
grade, LVSI, IHC results for MMR proteins, p53, and
NGS results for POLE and TP53). All data were extracted
from the hospital’s information systems.

Preoperative imaging

All patients underwent transvaginal and transabdominal
ultrasound staging conducted by a certified ultrasonog-
raphy expert (T.R.) evaluating tumor extent, myometrial
and cervical involvement, and lymph nodes, using IETA
(International Endometrial Tumor Analysis) terminology
and Czech national guidelines [4, 5]. Pelvic-abdomen-
chest CT was performed for non-low-risk cases.

Histopathology, immunohistochemistry and next-
generation sequencing

The tissue specimens were fixed in formalin and pro-
cessed routinely for histopathology. All endometrial car-
cinomas were initially diagnosed and/or finally reviewed
and confirmed by an expert gynecologic pathologist
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Patients treated between
1/2022-12/2024

Molecular classification unknown
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Preoperative risk stratification

Molecular classification known

Low risk
N=71

Intermediate risk

Intermediate risk
N=22

High-intermediate

High-intermediate
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Fig. 1 Flowchart of patients included in the study

molecular classifiers and were assigned according to the
recommended hierarchy. Detailed methodology is pro-
vided in Additional file 1.

The distribution of ESGO/ESTRO/ESP 2021 risk
groups across the three assessment stages is shown in
Table 2.

Without molecular classification, only 59.4% of EC
patients were preoperatively classified into the correct
risk group. The incorporation of molecular classification
enhanced the accuracy of preoperative risk assessment in
14.0% of cases, increasing correct stratification from 59.4
to 73.4% of EC patients. However, a total of 26.6% of EC
patients remained misclassified due to inaccurate preop-
erative assessment of cervical invasion (9.0%), myome-
trial invasion (6.3%), advanced-stage disease (4.2%), LVSI
(3.5%), nodal metastases (2.8%), and tumor grade (0.7%).

Cohen’s Kappa coefficient for agreement between pre-
operative and postoperative risk classification improved
from 0.551 (95% CI, 0.430-0.671) without molecular
classification to 0.767 (95% CI, 0.675-0.849) with molec-
ular classification, indicating an improvement from mod-
erate to good agreement. As the 95% confidence intervals
did not overlap, this difference was statistically sig-
nificant. Inclusion of molecular classification improved
agreement from moderate to good. Confidence intervals
did not overlap, indicating statistical significance.

The results of risk group prediction success aggregated
into categories of correct, underestimate, and overesti-
mate are shown in Table 3.

Notable shifts of more than 0.1 were observed in the
correct and underestimation categories, though changes

were not statistically significant (confidence intervals
overlapped).

A detailed comparison of prediction accuracy for risk
stratification (low risk, intermediate risk, high-interme-
diate risk, and high risk), using the metrics precision,
recall, and the overall F1-score, is presented in Table 4.
Bootstrap confidence intervals for each value were com-
puted and they are presented in Additional file 2 for bet-
ter clarity.

Positive shifts occurred in most measures. A statisti-
cally significant shift in F1-score was observed in high
risk group, as shown in Fig. 2, including confidence
intervals.

The obtained values indicate an improvement in pre-
diction accuracy for the low-risk group, shifting the
result from the acceptable range to the strong range. For
the intermediate and high-intermediate risk group, only
a slight increase was observed; however, both remained
below the acceptable threshold. A statistically significant
improvement was seen in the high-risk group, where the
use of MC improved the results from below the accep-
tance level to the strong range.

Discussion

This analysis demonstrated that incorporating MC into
preoperative staging significantly enhances the prediction
of preoperative risk stratification in endometrial cancer
patients, according to ESGO/ESTRO/ESP 2021 guide-
lines. The most significant improvement was observed in
predicting the high-risk group, while MC also enhanced
the accuracy in identifying the low-risk group preop-
eratively. However, distinguishing the intermediate and
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Table 1 Baseline clinicopathologic characteristics of the study
cohort (n=143)

Variable Category n (%)
Histologic tumor Endometrioid 128
type (89.5%)
Serous 8 (5.6%)
Carcinosarcoma 4(2.8%)
Undifferentiated/dedifferentiated 2 (1.4%)
Clear cell 1 (0.7%)
Tumor grade Low grade 116
(81.1%)
High grade 27 (18.9%)
Cervical stromal Absent 116
invasion (81.1%)
Present 27 (18.9%)
Myometrial invasion  None 1(0.7%)
<50% 88 (61.5%)
>50% 54 (37.8%)
Lymphovascular Absent m
space invasion (77.6%)
Focal 11 (7.7%)
Substantial 21 (14.7%)
Surgical FIGO 2009 IA 73 (51.0%)
stage
1B 35 (24.5%)
Il 17 (11.9%)
A 4 (2.8%)
s 2 (1.4%)
nc 10 (7.0%)
IVA 0 (0.0%)
IVB 2 (1.4%)
Molecular NSMP 80 (55.9%)
classification
MMRd 30 (21.0%)
pS3abn 27 (18.9%)
POLEmut 6 (4.2%)

Table 2 Distribution of ESGO/ESTRO/ESP 2021 risk groups across
assessment stages

Risk Group Preoperative  Preoperative  Postop-
without MC with MC erative
Low risk 75 (52.4%) 71 (49.7%) 61 (42.7%)
Intermediate risk 30(21.0%) 22 (15.4%) 25(17.5%)
High-intermediate risk 25 (17.5%) 21 (14.7%) 16 (11.2%)
High risk 13 (9.1%) 29 (20.3%) 41 (28.7%)

MCMolecular classification

Table 3 Prediction success rates for preoperative estimates
by the categories of correct predictions, overestimation, and
underestimation
Category

Without MC (CI) With MC (CI)

0.587 (0.505-0.665)
Overestimate 0.091 (0.054-0.149)
Underestimate 0.322 (0.251-0.402)
MCMolecular classification, C/confidence interval

0.706 (0.627-0.775)
0.077 (0.043-0.132)
0.217 (0.157-0.291)

Correct
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high-intermediate risk groups preoperatively remains
challenging, even with MC. Without MC prior to sur-
gery, there was a tendency to underestimate risk stratifi-
cation (Table 3).

Molecular features are known to provide better risk
stratification than standard histopathology, however,
prior studies have focused on postoperative risk groups
or novel classifications, making direct comparisons to
our results difficult. For example, a small prospective
study found that MC changed final risk group in 10.3%
of patients [12]. The study was designed to evaluate stan-
dard definitive histopathological risk assessment and the
additional value of molecular classification.

Another study evaluated the ability of demographic
and sonographic variables, along with the ProMisE (Pro-
active Molecular Risk Classifier for Endometrial cancer)
classification, to predict tumor recurrence or progression
in 339 women with endometrial cancer. It found that a
tumor size of less than 2 cm combined with p53 wild-
type status identified approximately 50% of women at
very low risk for recurrence or progression [13].

In a study of 658 patients, p53, combined with imag-
ing tests, was found to be a reliable preoperative indica-
tor of advanced disease [14]. However, unlike our study,
the investigators included preoperatively advanced stages
of EC according to imaging methods, which are already
considered high risk regardless of molecular classifica-
tion. We focused only on the preoperative early stages of
EC, where the specific histopathological and molecular
features can play a key role in risk stratification.

Our findings can also be viewed in light of the recent
commentary by Betella et al., who reported that molecu-
lar classification changed FIGO 2023 stage in only 6% of
381 EC patients, meaning about 17 patients needed test-
ing to change treatment for one [15]. In our study, molec-
ular classification led to risk group reclassification in 14%
of cases. This higher reclassification rate is likely due to
the use of preoperative data, where not all parameters are
fully known or accurately assessed. Consequently, adding
molecular classification only at final histology typically
results in fewer changes. While our findings support the
added value of molecular profiling for preoperative risk
stratification, the clinical and economic implications of
routine use remain important considerations.

Although molecular classification improved preopera-
tive risk stratification prediction in our study, 26.6% of
patients were misclassified due to factors like LVSI, cervi-
cal and myometrial invasion, and lymph node metastasis,
particularly in the intermediate and high-intermediate
risk groups. Although this was not the primary focus of
our study, it represents a relevant secondary observation
that further highlights the limitations of preoperative
assessment. Substantial LVSI is a strong prognostic fac-
tor that can upstage a case, but it is typically identified
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(J.L.), following the WHO (World Health Organization)
recommendations and international standards [2, 6-9].
All tumors were tested for p53 protein and MMR pro-
teins (MLH1, MSH2, MSH6, and PMS2) expression using
IHC.

For NGS, DNA was extracted from formalin-fixed
and paraffin-embedded (FFPE) tumoral tissue using the
Cobas DNA Sample Preparation Kit (Roche Diagnos-
tics GmbH, Mannheim, Germany). Subsequently, NGS-
based technology was performed (Hybrid capture DNA
Roche KAPA Evo Plus Kit, Roche Sequencing Solutions,
Inc., USA) using a custom panel that targets the exons
and flanking sequences (+/- 20 bp) of 96 cancer-related
genes, including TP53, POLE genes, and 49 microsatellite
regions for MSI status assessment.

Finally, all tumors were classified as POLEmut (POLE
mutated), MMRd (mismatch-repair deficiency), p53abn
(p53 abnormal), or NSMP (non-specific molecular
profile).

Details are described in Additional file 1.

Preoperative and postoperative risk stratification

Patients were preoperatively classified according to the
ESGO/ESTRO/ESP 2021 guidelines [2] based on histo-
logical type and grade, as well as clinical stage derived
from imaging. The tumor board then recommended sur-
gical management, typically consisting of hysterectomy
with bilateral salpingo-oophorectomy and either SLNB
or systematic lymphadenectomy. SLNB was preferred for
patients with low- and intermediate-risk profiles, while
systematic lymphadenectomy was performed in cases
preoperatively assessed as high—intermediate- or high-
risk. In selected low-risk cases without myometrial inva-
sion, lymph node staging was omitted.

Postoperative risk stratification was reassessed using
definitive histology, including the presence of LVSI, IHC,
and NGS when indicated. POLE testing was not routinely
performed in low-risk cases, as it would not influence
risk categorization or treatment decisions [9].

To explore the potential improvement in preoperative
risk stratification, we developed a modified model by
integrating molecular classification with standard pre-
operative clinical and histopathological features. This
allowed us to assess the impact of molecular classifica-
tion on the accuracy of initial risk assessment.

Statistical analysis

Three risk stratification conditions were evaluated: (1)
preoperative classification based on clinical and histo-
pathological features without molecular classification; (2)
preoperative classification including molecular classifica-
tion; and (3) final postoperative classification based on
final histopathological type, grade, pathological staging,
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LVSI, and molecular classification, all non-normally dis-
tributed (Shapiro-Wilk, p<0.05).

Agreement between preoperative risk stratification
(with and without MC) and postoperative risk stratifica-
tion was assessed using Cohen’s Kappa with 95% boot-
strap confidence intervals. Kappa values were interpreted
according to Fleisss et al. [10]: 0.41-0.60 moderate, 0.61—
0.80 good, >0.80 excellent.

To assess if preoperative risk stratification without
MC were more prone to underestimation or overesti-
mation compared to those with MC, misclassification
patterns were analyzed by categorizing errors in the
confusion matrix as underestimation (risk of recurrence
rated below the postoperative risk group) and overesti-
mation (risk of recurrence rated above the postoperative
risk group).

Prediction performance across risk levels was assessed
using multiclass confusion matrix metrics, including pre-
cision (proportion of correct severity estimates among
those assigned), recall (proportion of actual severity
cases correctly identified), and F1-score (harmonic mean
of precision and recall, balancing both). Values >0.70 are
considered acceptable, and > 0.80 strong in medical diag-
nostics [11].

Software

Data processing and statistical analyses were performed
using Python (version 3.10.15) with the following pack-
ages: pandas (2.1.4) for data manipulation, numpy
(1.25.2) for numerical operations, statsmodels (0.14.4) for
statistical modeling, sklearn (1.1.3) for machine learning
metrics, scipy (1.9.3) for scientific computations, plotly
(6.0.0) and matplotlib (3.6.3) for interactive and static
visualizations, and seaborn (0.13.2) for enhanced statisti-
cal graphics.

Results

During the study period, 293 patients were diagnosed
with endometrial cancer at our institution. Of these, 143
patients met the inclusion criteria and were included in
the final analysis (Fig. 1). The median age was 66 years
(mean 64, range 29-85), and the median BMI was 32 kg/
m?® (mean 33, range 20-56). The majority of patients
97 (67.8%) underwent SLNB, followed by systematic
lymphadenectomy 27 (18.9%). In 19 (13.3%) patients,
lymph node staging was omitted due to a preopera-
tively assessed low-risk tumor without myometrial inva-
sion. Most tumors were endometrioid (89.5%) and low
grade (81.1%). According to the final staging, 75.5% of
patients had FIGO 2009 stage I disease. Detailed his-
topathological characteristics are displayed in Table 1.
Based on molecular profiling, 6 cases (4.2%) were POL-
Emut, 30 (21.0%) MMRd, 27 (18.9%) p53abn, and 80
(55.9%) NSMP. Five tumors exhibited features of multiple
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Table 4 Prediction accuracy for risk stratification (low risk, intermediate risk, high-intermediate risk, and high risk)
Grade Precision Recall F1

Without MC With MC Without MC With MC Without MC With MC
Low risk 0.720 0.789 0.885 0.918 0.794 0.848
Intermediate risk 0367 0.500 0.440 0440 0.400 0468
High-intermediate risk 0.240 0.286 0375 0375 0.293 0.324
High risk 1.000 0.966 0317 0683 0481 0.800

Precision, recall, and F1-score. Values >=0.7 are highlighted
MCMolecular classification
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Fig. 2 Prediction F1-score with confidence intervals across severity levels

only in the definitive surgery specimen. It is important
to note that the definition of substantial LVSI is not stan-
dardized internationally, with varying criteria used across
guidelines [16]. In our study, we use the ESGO/ESTRO/
ESP definition of substantial LVSI: diffuse or multifocal
involvement of lymphovascular spaces or the presence
of tumor cells in five or more lymphovascular spaces [2].
LVSI remains one of the last factors playing a key role in
definitive risk stratification, which can not be assessed
preoperatively.

Another source of pre- and postoperative bias arises
from discrepancies in the assessment of myometrial (sen-
sitivity 81%, specificity 82%) [17] and cervical invasion
(sensitivity 63%, specificity 91%) [18] between preopera-
tive imaging (ultrasound) and definitive histopathology.
Although ultrasound shows high specificity (98%) for
detecting lymph node metastasis, which aids in select-
ing candidates for debulking surgery rather than SLNB
or systemic lymphadenectomy, its low sensitivity (41%)
results in frequent postoperative upstaging [19].

Molecular analysis on preoperative biopsy samples is
not only feasible but also shows excellent concordance
with final pathology [20]. Incorporating this analysis into
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preoperative assessment can inform individualized surgi-
cal strategies. For instance, in cases where sentinel lymph
node biopsy fails perioperatively, molecular classifica-
tion may guide the decision to proceed with side-specific
lymphadenectomy. However, the integration of MC into
surgical planning introduces new challenges that warrant
careful consideration and consensus among international
endometrial cancer experts.

For example, preoperative knowledge of POLE muta-
tion status could reclassify high-risk tumors (e.g., deep
myometrial or cervical invasion, high grade) into the low-
risk group, possibly avoiding lymphadenectomy in SLNB
failure. However, lymph node status remains crucial for
the POLE-mutated group, as there’s no evidence on the
prognosis of stage III-IV tumors without adjuvant treat-
ment [21]. On the other hand, a large multicenter study
showed that preoperatively staged I-II POLE-mutated
tumors had the lowest frequency of lymph node metasta-
sis compared to other risk groups [22].

Secondly, a TP53 mutation in tumors with myome-
trial invasion automatically classifies patients as high-
risk, requiring the same adjuvant treatment regardless of
lymph node status. Since lymphadenectomy is primarily
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for staging purposes (rather than a therapeutic one [23]),
its necessity in this group is questionable. Furthermore,
lymph node metastasis in p53abn tumors has been
shown to carry the same prognosis (risk of recurrence
and disease-specific death) as in lymph node-negative
cases [24]. This suggests that lymph node status has no
prognostic value in endometrial carcinomas with TP53
mutation.

Current guidelines suggest that lymph node staging can
be waived for tumors without myometrial invasion [2].
However, for TP53-mutated tumors limited to the endo-
metrial polyp, without myometrial invasion, adjuvant
treatment is not recommended due to the excellent prog-
nosis. Nevertheless, complete staging (including lymph
nodes) must be performed as a significant risk of occult
lymph node involvement may upstage these tumors to
stage III [21]. Therefore, knowing p53 status is crucial
for preoperatively low-risk tumors confined to the endo-
metrium. If the tumor is 7P53-mutated, SLNB should be
performed, and in the case of failure, side-specific lymph-
adenectomy should be considered.

To our knowledge, this is the first study to address the
additional value of molecular classification in preopera-
tive stratification into ESGO/ESTRO/ESP risk groups. A
statistically significant effect of adding molecular classifi-
cation to preoperative stratification was observed based
on the available data. However, the retrospective design
may introduce biases, including information bias from
incomplete or inaccurate data and selection bias due
to patient selection based on data availability. Despite
including only patients with complete data, the retro-
spective nature limits the ability to draw definitive con-
clusions. Additionally, as a single-center study, results
may be influenced by institutional and personal factors
affecting clinical practice.

Incorporating molecular classification into preopera-
tive patient management enhances risk stratification and
offers the potential to individualize surgical strategies.
As discussed, preoperative identification of POLEmut
tumors may support omitting lymphadenectomy even in
cases of SLNB failure, while 7P53mut tumors may justify
lymph node staging despite limited invasion due to their
high-risk profile. These molecular insights can influence
whether lymphadenectomy is pursued, the interpreta-
tion of nodal involvement, and the overall extent of sur-
gical staging. At the same time, expert ultrasonography
remains a key tool for evaluating tumor invasion and
guiding surgical planning, despite its known limitations.
Together, imaging and molecular classification form a
complementary basis for preoperative decision-making.
However, their integration introduces new challenges
that require further discussion and consensus within the
gynecologic oncology community.

Page 7 of 8

Conclusions

This study found that incorporating molecular classifica-
tion into preoperative staging improved risk stratifica-
tion prediction according to ESGO/ESTRO/ESP 2021
risk categories in a retrospective cohort. This approach
introduces new challenges, particularly in tailoring surgi-
cal treatment, which require further discussion. A mul-
ticentric prospective study is needed to confirm these
findings.
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As an ENITEC member, the author had the opportunity to participate in the
multicenter, retrospective study aimed to investigate the prognostic relevance of
hormonal receptor expression—specifically ER and PR—within the established

molecular subgroups of endometrial carcinoma.

With the integration of molecular classification into the standard management of EC,
the traditional clinicopathological and immunohistochemical markers, such as ER and
PR, have received less emphasis. However, the clinical utility of these hormonal
biomarkers remains of interest, particularly regarding their potential to provide

additional prognostic information beyond molecular subtyping alone.

The study cohort included 739 patients with endometrial carcinoma for whom both
ER/PR immunohistochemistry and molecular classification data were available.
Tumors were stratified into four molecular subtypes: POLE-ultramutated (POLEmut),
mismatch repair deficient (MMRd), p53 abnormal (p53mut), and NSMP. ER and PR
expression was evaluated semi-quantitatively and categorized into three groups based
on staining percentage: low (0-10%), intermediate (20-80%), and high (90-100%).
The primary endpoint was DSS, assessed concerning receptor expression within each

molecular subgroup.

The findings demonstrated a consistent and significant association between high
hormonal receptor expression and improved disease-specific outcomes across all
molecular classes. Notably, in the p53mut group—typically associated with poor
prognosis—patients with high PR expression (90-100%) exhibited a 100% five-year
DSS, in stark contrast to those with low PR expression (0-10%), who had a five-year

DSS of only 48%. Similar trends were observed in the NSMP and MMRd groups,
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although these differences were not statistically significant in every subgroup due to
limited sample sizes. In multivariable Cox regression analysis, low PR expression (0-
10%), p53mut status, presence of LVSI, and advanced stage (FIGO III-IV) were
identified as independent negative prognostic factors. Conversely, POLEmut tumors

and high PR expression were associated with significantly improved prognosis.

The study provides robust evidence that hormonal biomarkers—especially PR—retain
significant prognostic value even when molecular classification is accounted for. These
results support the continued use of ER and PR immunohistochemistry in routine
pathological assessment of EC, as the combination of molecular and hormonal profiling
may offer a more nuanced risk stratification. Importantly, the proposed three-tiered
model of ER/PR evaluation (rather than the conventional binary positive /negative cut-
off) appears to reflect the prognostic continuum better and may be more clinically

informative.

In conclusion, this study reinforces the relevance of hormonal receptor status in the
contemporary molecular framework of endometrial carcinoma. The findings advocate
for integrating ER and PR expression—particularly PR—into risk stratification models
and treatment planning. Future clinical trials and guidelines should consider
incorporating detailed hormonal biomarker assessment alongside molecular

classification to enhance individualized patient care.

The study "Hormonal biomarkers remain prognostically relevant within the molecular
subgroups in endometrial cancer”was published in Gynecologic Oncology (IF 4.5, Q1) in

2024.

The author’s contribution: clinical methodology, data curation, manuscript writing -

review and editing.
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HIGHLIGHTS

= ER/PR expression is prognostic within the molecular subgroups.

« Within MMRd and NSMP EC the three-tiered risk classification of ER expression is prognostically significantly.
« Within p53mut and NSMP EC the three-tiered risk classification of PR expression is prognostically significantly.
« In the entire cohort, PR 0-10 % expression and p53mut are independent prognostic factors for decreased DSS.

« In the entire cohort, PR 90-100 % and POLE-mutant are independent prognostic factors for an improved DSS.

ARTICLE INFO ABSTRACT

Article history: Objective. The prognostic relevance of hormonal biomarkers in endometrial cancer (EC) has been well-
Received 4 December 2023 established. A refined three-tiered risk model for estrogen receptor (ER)/progesterone receptor (PR) expression
Received in revised form 18 August 2024 was shown to improve prognostication. This has not been evaluated in relation to the molecular subgroups. This
Accepted 25 October 2024

study aimed to evaluate the ER/PR expression within the molecular subgroups in EC.
Methods. A retrospective multicenter cohort study was performed and data from the European Network for
Individualized Treatment centers and Vancouver, Canada were used. ER/PR immunohistochemical expression
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Keywords:

Enﬁ:ﬁ,em&] carcinoma was grouped as: ER/PR 0-10 %, 20-80 % or 90-100 %. Molecular subgroups were determined with full next-
Prognosis generation sequencing or combined with immunohistochemistry: POLEmut, mismatch repair deficient
Biomarkers (MMRd), p53mut and no-specific molecular profile (NSMP).
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Results. A total of 739 patients were included (median follow-up 5.0 years). Tumors were classified as
POLEmut in 9.1 %(N = 67), MMRd in 27.6 %(N = 204), p53mut in 20.8 %(N = 154) and NSMP in 42.5 %(N =
314). Among all molecular subgroups, patients with ER/PR 90-100 % expression revealed the best disease-

specific survival (DSS). Within p53mut, PR 90-100 % expression showed a 5-year DSS of 100.0 %. ER expression
is prognostic more relevant in MMRd and NSMP tumors while PR expression in p53mut and NSMP tumors.
Across all molecular subgroups, PR 0-10 %, p53mut, lympho-vascular space invasion and FIGO stage IlI-IV re-
mained independently prognostic for reduced DSS Whereas PR 90-100 % and POLEmut remained independently
prognostic for improved DSS.
Conclusion. We demonstrated that ER/PR expression remain prognostically relevant within the molecular
subgroups, and that a three-tiered cutoff refines prognostication. These data support incorporating routine eval-

uation of ER/PR expression in clinical practice.
© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Historically, endometrial cancer (EC) was divided into two histopa-
thological subtypes [1]. Type 1 EC includes low-grade (grade 1 and
2) endometrioid EC (EEC), represents the majority (80 %) of patients,
and is associated with obesity and good prognosis. Type 1 EC is consid-
ered to be hormone driven with high expression of estrogen (ER) and
progesterone receptors (PR) [2]. Type 2 EC represents high-grade tu-
mors (grade 3 EEC and non-endometrioid EC (NEEC) ), generally have
low ER expression and an unfavorable prognosis [1,3]. Despite the over-
all good prognosis of type 1 EC, mortality in absolute numbers is higher
in type 1 compared to type 2 EC [4].

Hormone receptor expression (ER/PR) are prognostic biomarkers
that predict lymph node metastasis (LNM) and outcome [5-7]. The cur-
rent used cutoff for ER/PR expression within EC is not uniform, is
adopted from breast cancer studies, and most frequently considered
positive if >1 % or > 10 % expression [8,9]. Studies within EC showing
the cutoff with the best prognostic impact are lacking, therefore in a
previous explorative analysis different cutoff values for ER/PR expres-
sion were evaluated and showed the subgroups 0-10 % with unfavor-
able outcome, 20-80 % with intermediate outcome and 90-100 % with
favorable outcome. This revised three-tiered risk classification model
was shown to improve prognostication over the mostly used cutoff of
10 % [10]. Prospective validation is very much supported to verify
these findings.

The Cancer Genome Atlas (TCGA) classified patients with EC into
four important prognostic subgroups based on their genomic molecular
signature: [) ultramutated tumors with polymerase epsilon (POLE) mu-
tations, II) hypermutated tumors with microsatellite instability (MSI),
1) copy-number-high (CNH) tumors with frequent tumor protein
(TP53) mutations, IV) copy-number-low (CNL) tumors (also known as
no-specific molecular profile (NSMP)) [11]. The Proactive Molecular
Risk Classifier for Endometrial Cancer (ProMisE) is a surrogate diagnos-
tic algorithm using low cost clinically applicable immunohistochemistry
(IHC); mismatch repair deficient (MMRd) instead of MSI and p53 in-
stead of TP53 [12,13].

The histopathological subtypes (type 1 and 2) are present within all
molecular subgroups. Type 1 (EEC histology) is mainly represented by
the POLEmut, MMRd and NSMP subgroup, with positive ER/PR expres-
sion. Type 2 (NEEC histology) is mainly represented by the p53mut sub-
group, with generally negative ER/PR expression [11].

In this era of molecular profiling, the relevance of hormonal bio-
markers needs to be redefined. Earlier study demonstrated that ER sta-
tus was still important for the outcome of EC patients regardless of risk
class and p53 or MMR status [ 14]. Within the NSMP subgroup loss of ER
and/or PR expression (<1 % and < 10 %) was shown to be an important
prognosticators for EC, but this was not found in the other molecular
subgroups [15-17]. So far, it has not been investigated whether the pre-
viously mentioned three-tiered ER/PR risk model [10], has prognostic
impact in the different molecular subgroups. Therefore, we studied
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the prognostic relevance of the three-tiered ER/PR classification within
the molecular subgroups in EC. It is hypothesized that this three-
tiered model refines prognostication within all molecular subgroups.

2. Materials and methods
2.1. Patients

A retrospective multicenter cohort study has been performed. Data
was used from the European Network for Individualized Treatment
(ENITEC) centers and Vancouver Hospital, Canada. Data from four previ-
ously published and one unpublished cohort were collected, resulting in
978 patients (flowchart Supplementary Fig. S1) [10,12,13,18,19]. Pa-
tients were treated between 1994 and 2019 (median 2007) and data
on clinicopathological characteristics and outcome were collected.

Inclusion criteria were: (I) availability of ER/PR immunohistochem-
istry, (II) patients successfully classified with either full next-
generation sequencing (NGS) or NGS combined with IHC according to
ProMisE [12]. An exclusion criteria was: missing follow-up. Patients
were aligned according to the diagnostic algorithm in Fig. 1 and final
classified according to the World Health Organization (WHO) Classifica-
tion of Female Genital Tumors [20]; POLEmut, MMRd, p53mut and
NSMP.

This study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

2.2. DNA analysis

The molecular subgroups included in this study were determined by
either full NGS or according to ProMisE. Both methods have been de-
scribed previously [13,21] and details are provided for the different co-
horts in the Supplementary Method S1. Briefly, for molecular profiling by
full NGS, DNA was isolated from formalin-fixed paraffin-embedded
(FFPE) tumor blocks. Next, DNA was sequenced by NGS with single-
molecule Molecular Inversion Probes (smMIPs) [22]. For the detection
of MSI, 55 MSI markers were tested according to the previously pub-
lished design [23]. Multiple-classifiers were classified as the molecular
subgroup with the best prognosis [24]. For the molecular subgroups de-
termined according ProMisE criteria, POLEmut analysis was performed
by MiSeq, Sanger or NGS [13,19].

2.3. Immunohistochemical analysis

IHC was performed on 4 um FFPE tumor sections for the ENITEC cen-
ters and tissue microarrays (TMA) for Vancouver cohort, as described
previously and detailed in the Supplementary method S1[10,13,17,19].
In brief, antibodies specific to MSH6, PMS2, p53, ER and PR were used.
Staining for p53 was considered abnormal when more than 80 % of
tumor cell nuclei showed strong expression (overexpression) or when
there was complete loss of nuclear staining (null-expression) with a
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Histology Endometrial cancer

POLE status POLE mutation POLE wildtype

MS! or MMR Msl Mmss

status or MMR deficient or MMR proficient

TP53 or p53 TP53 mutation NSMP

status or p53-abnormal or p53-wildtype
I

Final

classification POLEmut MMRd pS3mut NSMP

according WHO

Fig. 1. Diagnostic algorithm of patients diagnosed with full next-generation sequencing or combined with immunohistochemistry, and the final classification according to the World

Health organization (WHO) classification of female genital tumors.
Abbreviations: POLE, Poly epsilon; MSI, Mic
profile.

positive internal control. Mismatch repair deficiency (MMRd) was de-
fined as complete absence of nuclear staining of PMS2 and/or MSHS6,
in the presence of a positive internal control. For the TMAs, staining
for individual MMR proteins and ER/PR was repeated on whole sections
whenever there was equivocal, uninterpretable, or aberrant staining. ER
and PR expression was determined by estimating the percentage of pos-
itive nuclei in the whole invasive tumor area by ‘eyeballing’. Scoring for
ER and PR expression within the included cohorts was performed by
two assessors (pathologists and researchers, who were trained by an
expert gynecologic-pathologist), reviewing discrepancies in a consen-
sus meeting. Within the different cohorts, the discrepancies were dis-
cussed between the two assessors to find a final agreement for the
percentage [10,19]. In our previous study, explorative analysis was per-
formed of the IHC samples with 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and
100 % of expression. Cutoffs with the strongest prognostic impact were
determined. According to this retrospective study the ER/PR risk groups
were defined as: ER/PR 0-10 % as high-risk, ERPR 20-80 % as intermedi-
ate risk and 90-100 % as low risk, in this study the same cutoffs for the
risk groups was used. The Cohen's k value for scoring ER/PR expression
as per the three risk groups was 0.703 [10]. Percentages were scored by
the pathologist as 0 %, 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %
and 100 %. In a small amount of cases the percentages were scored in be-
tween, e.g. 85 %, these were rounded off into the nearest category (so
85 % was categorized as 90 %). When ER and PR were taken together,
the subgroups were defined as ER + PR 0-10 %, ER + PR 20-80 %,
ER + PR 90-100 % and discordant. Patients were grouped ‘discordant’
if the ER and PR percentages were not aligned in the same risk group
(e.g. ER 10 % and PR 90 %). These patients were also included in the sur-
vival analysis to determine the relevance of this subgroup in clinical
practice.

2.4. Primary objective

To study the prognostic relevance of the three-tiered ER/PR risk clas-
sification within the molecular subgroups in EC.

2.5. Statistical analysis
The molecular subgroups were compared with the dichotomous

clinicopathological characteristics using the % or Fisher's exact test for
categorical data, and the non-parametric Mann-Whitney U test for

instability; MMRd, Mismatch repair deficient; TP53, Tumor protein 53; p53mut, p53-mutant; NSMP, No-specific molecular

continuous variables. Survival analyses were performed using Kaplan-
Meier curves and univariable and multivariable Cox-regression analysis.
Associations are shown as hazard ratio (HR), 95 % Cl and P-value. The in-
cluding covariates in multivariable analysis are the main known prog-
nostic biomarkers in EC. Myometrial invasion (MI) was excluded
because this is already included in FIGO stage. Disease-specific survival
(DSS) was defined as time from date of diagnosis to date of death by EC
all censored by date of last contact. Patients who died within 1 year of
survival were also included, due to this definition. The results were con-
sidered significant with P-value less than 0.05. Statistical Package for the
Social Sciences, version 27.0 (IBM, New York, NY, USA) was used for sta-
tistical analyses.

3. Results

In total, 978 patients with known and classifiable ER/PR IHC status
were available for molecular analysis. Only patients with a successful
molecular analysis were included, resulting in 747 EC patients. In
which 8 patients were excluded due to complete missing follow-up,
leading to a total of 739 patients included in this study (Flowchart Sup-
plementary Fig. S1). A baseline overview of each included cohort is
shown in Supplementary Table 1. The baseline characteristics of the en-
tire cohort are shown in Table 1. Median age was 65.0 (31.0-93.0) years,
median BMI 29.0 (15.8-66.2) kg/m? and median follow-up 60.0
(1.0-283.0) months. The number of patients with <1 year follow-up
(n = 36) consisted of patients who died due to EC (n = 24), died due
to other cause than EC (n = 5) or did the rest of their follow-up in an-
other hospital then they were operated (n = 7). Exclusion of these 7
cases did not affect results in the multivariable analysis (data not
shown). The majority of the patients revealed EEC histology 80.4 %
(N = 594), grade 1-2 EEC 53.5 % (N = 394) and FIGO stage I-1l 75.5 %
(N = 558). Aminority of patients were diagnosed with ER + PR expres-
sion 0-10 % or 90-100 % (respectively, 16.8 % (N = 124) and 17.1 %
(N = 126)). A total of 251 patients (34.0 %) were not aligned to one of
the three risk groups and classified as ‘discordant’. Most discordant
cases are located in patients with ER 20-80 % + PR 0-10 % expression
(13.4 %), and PR 20-80 % + ER 90-100 % expression (12.3 %) (data not
shown).

Tumors were classified as POLEmut in 9.1 % (N = 67), MMRd in
27.6 % (N = 204), p53mut in 20.8 % (N = 154), and NSMP in 42.5 %
(N = 314), in line with the original TCGA paper [11]. The majority
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Table 1
Baseline.
Total POLEmut MMRd p53mut NSMP P
N =739 N =67(9.1) N = 204 (27.6) N = 154 (20.8) N = 314 (42.5)

Patient characteristics

Age (years) 65.0 (31.0-93.0) 57.3 (34.0-93.3) 65.1 (42.0-87.0) 72.6 (35.0-93.0) 62.9 (35.0-88.0) <0.001*

BMI (kg/m?) 29.0 (15.8-66.2) 27.6 (18.4-58.3) 29.1 (15.8-62.0) 284 (17.5-46.2) 296 (15.8-66.2) 0.142

Post-operative histology

Histology EEC 594 (80.4) 59 (88.1) 187 (91.7) 57 (37.0) 291 (92.7) <0.001*
NEEC 145 (19.6) 8(11.9) 17 (8.3) 97 (63.0) 23(7.3)

Grade 12 394 (53.3) 30 (44.8) 102 (50.0) 22(143) 240 (76.4) <0.001*
3 345 (46.7) 37 (55.2) 102 (50.0) 132(85.7) 74 (23.6)

MI <50 % 400 (54.1) 33 (50.0) 107 (52.5) 75 (50.0) 185 (59.3) 0.172
>50 % 332 (44.9) 33 (50.0) 97 (47.5) 75 (50.0) 127 (40.7)

LVSI No 474 (64.1) 37 (55.2) 115 (56.4) 78 (50.6) 244 (77.7) <0.001*
Yes 265 (35.9) 30 (44.8) 89 (43.6) 76 (49.4) 70 (22.3)

Lymph nodes NO 231(313) 31 (463) 61(29.9) 38 (24.7) 101 (32.2) 0.170
N1 54 (7.3) 3(3.0) 13(6.4) 15(9.7) 20 (6.3)
Nx 454 (61.4) 34 (50.7) 129 (63.2) 101 (65.6) 190 (39.5)

FIGO stage® Early 558 (75.5) 60 (90.9) 154 (75.9) 87 (56.5) 257 (82.6) <0.001*
Advanced 176 (23.8) 6(9.1) 49 (24.1) 67 (43.5) 54 (17.4)

Hormonal receptor expression

ER 0-10 142 (19.2) 16 (23.9) 39(19.5) 55(36.2) 32(102) <0.001*
20-80 354 (47.9) 36 (53.7) 98 (49.0) 74 (48.7) 146 (46.6)
90-100 236 (31.9) 15 (22.4) 63 (31.5) 23(15.1) 135 (43.1)

PR 0-10 241 (3256) 21 (313) 60 (29.7) 101 (66.9) 59 (18.8) <0.001*
20-80 344 (46.5) 39 (58.2) 108 (53.5) 38(25.2) 159 (50.8)
90-100 148 (20.0) 7(10.4) 34(1638) 12(7.9) 95 (30.4)

ER + PR 0-10 124 (16.8) 13 (19.4) 30(14.7) 54 (35.1) 27 (8.6) <0.001*
20-80 238 (322) 29 (433) 69 (33.8) 29 (18.8) 111 (35.4)
90-100 126 (17.1) 6(9.0) 29 (142) 10 (6.5) 81(25.8)
Discordant 251(34.0) 19 (28.4) 76 (37.3) 61 (39.6) 95 (30.3)

Adjuvant treatment®

None 287 (38.8) 24 (36.4) 75 (36.9) 46 (30.1) 142 (45.7) <0.001*

Radiotherapy 247 (33.4) 25 (37.9) 73 (36.0) 35 (22.9) 114 (36.7)

Chemotherapy 77 (10.4) 8(12.1) 19 (9.4) 34(222) 16 (5.1)

Chemoradiation 122 (165) 9(13.6) 36 (17.7) 38 (24.8) 39 (12.5)

Outcome

Recurrence 198 (26.8) 4(6.1) 58(29.1) 72(514) 64 (20.5) <0.001*

Mortality 216 (29.2) 8(11.9) 57 (27.9) 83 (53.9) 68 (21.7) <0.001*

EC-related mortality 152 (20.6) 1(1.5) 38(19.4) 67 (45.3) 46 (14.9) <0.001*

Data is presented in number (%), median (IQR).

Abbreviations: N, number; POLEmut, polymerase epsilon mutant; MMRd, mismatch repair deficient; p53, protein 53; NSMP, No specific molecular profile; EEC, endometrioid endometrial
cancer; NEEC, non-endometrioid endometrial cancer; LVSI, lympho-vascular space invasion; NO, negative lymph nodes, N1, positive lymph nodes; Nx, no information about the lymph
nodes; FIGO, International Federation of Gynecology and Obstetrics, ER, estrogen receptor; PR, progesterone receptor; EC, endometrial cancer.

@ Missing data for 7 cases MI, 5 cases for FIGO stage, 6 for adjuvant treatment.
* P<0.05.

of patients within the POLEmut, MMRd and NSMP subgroups had
EEC histology (respectively, 88.1 %, 91.7 %, 92.7 %), whereas the major-
ity of patients within the p53mut subgroup had NEEC histology
(63.0 %).

3.1. Outcome ER or PR expression

Figure 2A-E shows the 5-year DSS curve of the three-tiered ER risk
classification within the entire cohort and the molecular subgroups. In
the entire cohort, patients with ER 90-100 % expression showed a sig-
nificantly better DSS when compared to ER 20-80 % (P < 0.001) and
ER0-10% (P < 0.001). Patients with ER 20-80 % had a significant higher
5-year DSS compared to ER 0-10 % (P < 0.001) (Fig. 2A). Across all mo-
lecular subgroups, patients with ER 90-100 % expression showed the
most favorable 5-year DSS (Fig. 2B-E). Within POLEmut EC, patients
with ER 90-100 %, 20-80 % and 0-10 % revealed no significantly differ-
ent 5-year DSS (respectively, 100.0 %, 100.0 % and 92.0 %) For MMRd tu-
mors, patients with ER 90-100 % and 20-80 % or 0-10 % revealed
significantly different 5-year DSS (respectively, 96.0 % vs 80.0 % P =
0.017 and 96.0 % vs 71.0 % P = 0.002) (Fig. 2C). Within patients with
p53mut no significant differences in 5-year DSS were found between
the three ER subgroups (Fig. 2D). Within NSMP tumors, patients with

100

ER 0-10 % had an significant worst 5-year DSS of 48.0 % compared to
ER 90-100 % (96.0 %, P < 0.001) and compared to ER 20-80 % (88.0 %,
P < 0.001)). (Fig. 2E).

Figure 3A-E shows the 5-year DSS curve of the three-tiered PR risk
classification within the entire cohort and the molecular subgroups. In
the entire cohort, patients with PR 90-100 % expression showed a sig-
nificantly better DSS when compared to PR 20-80 % (P = 0.003) and
PRO-10% (P <0.001). Patients with ER 20-80 % had a significant higher
5-year DSS compared to ER 0-10 % (P < 0.001) (Fig. 3A). Across all mo-
lecular subgroups, patients with PR 90-100 % expression showed the
most favorable 5-year DSS and PR 0-10 % the worst (Fig. 3B-E). Within
POLEmut and MMRd tumors, no significant different 5-year DSS was re-
vealed within the three subgroups of PR expression (Fig. 3B-C). Patients
with p53mut EC and PR 90-100 % had a 5-year DSS of 100 %, this was
significantly different compared to PR 20-80 % (62.0 %, P = 0.032)
and PR 0-10 % (48.0 % P = 0.006) (Fig. 3D). Within NSMP tumors, pa-
tients with PR 90-100 % had an excellent 5-year DSS of 98.0 %, for PR
20-80 % the 5-year DSS was 88.0 % and PR 0-10 % showed the worst
5-year DSS of 56.0 %. All were significantly different from each other
(Fig. 3E).

Across all molecular subgroups, PR 0-10 %, p53mut, lympho-
vascular space invasion (LVSI) and FIGO stage III-IV remained
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Fig. 2. A. 5-year disease-specific survival (DSS) of the ER three-tiered risk model within the entire cohort. B. 5-year DSS of the ER three-tiered risk model within POLEmut patients. C. 5-year
DSS of the ER three-tiered risk model within MMRd patients. D. 5-year DSS of the ER three-tiered risk model within p53mut patients. E. 5-year DSS of the ER three-tiered risk model within

NSMP patients.

Abbreviations: ER, estrogen receptor; POLE, Polymerase epsilon; MMRd, Mismatch repair deficient; TP53, p53mut, p53-mutant; NSMP, No-specific molecular profile.
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Fig. 3. A. 5-year disease-specific survival (DSS) of the PR three-tiered risk model within the entire cohort. B. 5-year DSS of the PR three-tiered risk model within POLEmut patients. C. 5-year
DSS of the PR three-tiered risk model within MMRd patients. D. 5-year DSS of the PR three-tiered risk model within p53mut patients. E. 5-year DSS of the PR three-tiered risk model within

NSMP patients.

Abbreviations: PR, progesterone receptor; POLE, Polymerase epsilon; MMRd, Mismatch repair deficient; TP53, p53mut, p53-mutant; NSMP, No-specific molecular profile.
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Table 2

Cox regression univariable and multivariable analysis disease-specific survival (DSS).
Variable Univariable Multivariable

141 events
HR (95 % Cl) Pvalue

ER cutoff
ER0-10 % 2.16 (1.51-3.08) <0.001 1.20 (0.80-1.79) 0.378
ER 20-80 % 1 1
ER 90-100 % 0.41 (0.24-0.69) <0.001 0.82 (0.48-1.41) 0.463
PR cutoff
PRO-10 % 3.09 (2.19-4.35) <0.001 1.61 (1.04-2.49) 0.030*
PR 20-80 % 1 1
PR 90-100 % 0.34 (0.16-0.71) 0.005 0.41 (0.17-0.95) 0.039*
Molecular subgroup
POLEmut 0.09 (0.01-0.65) 0.017* 0.06 (0.00-0.50) 0.006*
MMRd 1.37 (0.89-2.10) 0.154 0.79 (0.49-1.26) 0.327
p53mut 4.09 (2.81-5.97) <0.001* 1.55 (1.00-2.40) 0.046*
NSMP 1 1
LvsI
No 1 <0.001* 1 0.025*
Yes 4.14 (2.96-5.78) 1.65 (1.07-2.57)
FIGO
Stage I-11 il 1 <0.001*
Stage llI-IV 6.17 (4.45-8.55) <0.001* 2.32 (1.50-3.60)
Adjuvant treatment
None 1 1
Radiotherapy 1.72 (1.04-2.86) 0.035* 1.38 (0.81-2.34) 0.231
Chemotherapy 9.28 (5.65-15.23) <0.001* 225 (1.21-4.17) 0.010*
Chemoradiation 427 (2.57-7.09) <0.001* 1.46 (0.80-2.64) 0.216

Abbreviations: DSS, disease-specific survival; EC, endometrial cancer; HR, hazard ratio; Cl, confidence interval; ER, estrogen receptor; PR., progesterone receptor; POLEmut, polymerase
epsilon mutant; MMRd, mismatch repair deficient; p53, protein 53; NSMP, No specific molecular profile; LVSI, lympho-vascular space invasion; FIGO, Federation International of Gyne-

cology and Obstetrics.

independent prognostic for reduced DSS. Whereas PR 90-100 % and
POLEmut remained independent prognostic for improved DSS (Table 2).

3.2. Outcome ER + PR expression combined

Supplementary Fig. S2A-E shows the 5-year DSS curve of the three-
tiered ER + PR combined risk classification within the entire cohort and
the molecular subgroups. The 5-year DSS was significantly different be-
tween the three ER + PR risk classification groups (Supplementary
Fig. S2A). Patients with p53mut EC and ER + PR 90-100 % had a
5-year DSS of 100 %, and patients with ER + PR 20-80 % and 0-10 %
had comparable outcome as ER + PR 0-10 % (respectively, 55.0 % and
44.0 %). The 5-year DSS between ER + PR 0-10 % and 90-100 % was sig-
nificantly different (Supplementary Fig. S2D). Within NSMP tumors, pa-
tients with ER + PR 90-100 % had an excellent 5-year DSS of 98.0 %, for
ER + PR20-80 % the 5-year DSS was 84.0 % and ER + PR 0-10 % showed
the worst 5-year DSS of 43.0 %. All were significantly different from each
other (Supplementary Fig. S2E). In the entire cohort and within
POLEmut, MMRd and NSMP subgroup, the patients grouped as ‘discor-
dant’, showed comparable outcomes as patients with ER + PR
20-80 % expression, Within p53mut EC the outcome was in line
with the outcome of ER + PR 0-10 % expression. (Supplementary
Fig. S2A-E).

Across all molecular subgroups and ER + PR risk groups, ER + PR
0-10 %, p53mut, lympho-vascular space invasion (LVSI) and FIGO
stage I1I/IV remained independent prognostic factors for reduced DSS.
ER + PR 90-100 % and POLEmut were independent prognostic factors
for improved DSS (Supplementary Table S2).

4. Discussion

In this large retrospective multicenter cohort study we confirmed
the relevance of using a three-tiered ER/PR risk classification that

refined the prognostic relevance across the molecular subgroups.
Among all molecular subgroups, patients with ER/PR 90-100 % expres-
sion revealed the best 5-year DSS. Interestingly, patients with PR
90-100 % and with p53mut EC revealed an excellent 5-year DSS. In mul-
tivariable analyses, PR 0-10 % was an independent prognostic factor for
reduced DSS and PR 90-100 % an independent prognostic factor for
improved DSS. Combining ER + PR, 0-10 % ER + PR expression was
an independent prognostic factor for reduced DSS, while ER + PR
90-100 % for improved DSS.

In EC, numerous studies have already shown the importance of ER
and PR expression in relation to predicting LNM and outcome, regard-
less of risk class [5-7,14,25]. However, no uniform cutoff is applied
within EC. In an earlier study, we defined a three-tiered risk classifica-
tion for ER/PR expression to improve prognostication specifically in pa-
tients with EC [10]. The current study confirmed the additional value of
using this three-tiered risk classification when compared to the com-
monly used cutoff of 1% or 10 %.

The relevance of ER/PR expression within all molecular subgroups
was not fully elucidated until this study. Comparable to our data, early
studies observed higher PR expression within the NSMP subgroup and
low PR expression in p53mut tumors [11,17]. In addition, our study
shows the relevance of hormonal biomarkers within the MMRd,
p53mut and NSMP subgroups. Vermij et al. confirmed the significance
of ER status within the NSMP high-risk EC. Comparable to our study, pa-
tients with ER expression <10 % showed the worst outcome compared
to ER >10 %. Contrary to our findings, they found no prognostic impact
of ER in the other molecular subgroups (especially MMRd) which might
be explained by their cut-off of 1-10 % [15]. Jamieson et al. used ER and
tumor grade to subclassify the NSMP subgroup. Low-risk NSMP was
identified as low-grade EC and ER >1 % with favorable outcome, and
high-risk NSMP as high-grade EC and ER <1 % expression with unfavor-
able outcome [ 16]. Which confirms the relevance of ER within the NSMP
subgroup. Our study revealed also the additional relevance of PR
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expression within the NSMP and p53mut subgroup, contrary to the
other studies which might again by explained by the use of a three-
tiered risk classification [15]. Interestingly, patients with p53mut EC
and PR 90-100 % expression showed an excellent 5-year DSS of 100 %,
since all these patients had EEC histology, the importance of both mor-
phology and IHC in addition to molecular subgroups within EC is illus-
trated. Patients within p53mut or NSMP EC and PR 0-10 % show the
worst outcome. Early studies indicated that PR <10 % expression was
predominantly present in the ‘advanced/metastatic’ ESGO risk group
and predicting disease recurrence in patients and increased risk of
death. This is in line with our findings in multivariable regression anal-
ysis, were PR expression 0-10 % is more correlated with decreased DSS
compared to ER expression 0-10 %. Due to the used cutoffs for ERand PR
of 1 % or 10 % the prognostic relevance within the molecular subgroups
might have been underestimated when compared with the three-tiered
ER/PR risk classification in our study [15,17].

In clinical practice generally both ER and PR IHC expression are de-
termined, therefore, understanding the prognostic relevance of both
ER/PR expression within the molecular subgroups is interesting. Early
studies indicated that both ER/PR provide additional prognostic infor-
mation, comparable with our study [5,7,10,17]. Combining ER + PR
shows ER + PR 0-10 % as an independent prognostic marker for re-
duced DSS and ER + PR 90-100 % as an independent prognostic marker
for improved DSS. Combining ER + PR expression within the three-
tiered risk classification will create a remaining subgroup, in this
paper classified as discordant. For clinical practice, when the ER + PR
subgroup is discordant in patients with POLEmut, MMRd or NSMP EC,
the prognosis is in line with an intermediate prognosis. Within
p53mut, the prognosis is in line with decreased prognosis (comparable
to high risk 0-10 % expression). This decreased prognosis for the discor-
dant group within patients with p53mut, is likely due to more patients
with PR0-10% (78 %) compared the other molecular subgroups. This is
in line with our previous conclusion, showing the relevance of PR ex-
pression within the p53mut subgroup.

The strengths of this retrospective study are the large number of in-
cluded cases from multiple centers, including ER and PR immunohisto-
chemistry and representing all tumor grades and FIGO stages. Second,
by including ER/PR expression both and combined these results are
highly relevant for clinical practice Furthermore, this is the first study
to analyze a three-tried ER/PR risk classification within all molecular
subgroups.

Some limitations need to be addressed. First, the mortality rate of
POLEmut patients is low, possibly hampering interpretation on the im-
pact of ER/PR expression within this specific subgroup. Second, techni-
cal allocation of the molecular subgroups differed slightly. However,
either full NGS or use of ProMiSe criteria (combination of NGS and
IHC) are repeatedly validated as comparable techniques and represen-
tative for the daily practice in Europe and Canada [26,27]. Third, a rela-
tive high amount of patients were excluded due to unsuccessful
molecular profiling, perhaps as an result of using older archival tumor
samples for DNA testing, furthermore patients who did the rest of
their follow-up within other hospitals (n = 7) were included, however
exclusion of these 7 cases did not affect results in the multivariable anal-
ysis. Fourth, race or ethnicity has not been reported in our study. Al-
though we fully agree that these patients' information might be
impact outcome in several diseases [28], within Europe it is not rou-
tinely documented in patient files [29]. Fifth, using patients between
1994 and 2019 could have biased the survival because of different treat-
ment strategies over the time. However, the death caused by EC has not
been reduced or increased over the 25 years in our study cohort (data
not shown), therefore we believed this has not biased our results. Finally,
according to the ProMiSe criteria the order of molecular subgroup allo-
cation within the Vancouver cohort is different compare to the original
TCGA cohort, in which MMRd testing is followed by POLE testing
[11,13]. The distribution of MMRd that also include POLEmut varies, pa-
tients with POLEmut and MMRd have comparable prognosis to POLEmut
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[30]. Therefore a different allocating order could bias the outcome.
However, in the original ProMiSe cohort, no MMRd patients are present
with also POLEmut. Within the cohorts from the ENITEC centers the
order of molecular testing was in line with the original TCGA cohort
[10,11,18,19].

This study demonstrates the prognostic importance of ER and PR
biomarkers within the era of molecular profiling and the relevance of
a three-tiered risk classification. To validate the newly proposed cutoff
a large prospective multicenter trial should be performed. Future pro-
spective studies need also focus on response to hormonal treatment
within the molecular subgroups, analysis the relevance of ER/PR bio-
markers in advanced stage and within adjuvant treatment including
patterns of recurrence. Currently, an international randomized control
trial has been started to refine the adjuvant treatment in endometrial
cancer based on molecular features (RAINBO trial), in which one arm
includes patients with NSMP EC (ClinicalTrials.gov Identifier:
NCT05255653). Patients with ER positive expression will receive RT
and hormonal treatment. However, only the presence of ER expression
is part of the inclusion criteria, and the cutoff for positivity is not speci-
fied. Furthermore, in order to increase response to hormonal treatment,
a different cutoff for ER and PR might be indicated as suggested by a
recent paper in which a cutoff of 50 % was suggested [31].

5. Conclusion

Our study demonstrated the prognostic relevance of ER and PR ex-
pression within the molecular subgroups of patients with EC and that
the use of a three-tiered risk classification refines prognostication.
These data support incorporating routine evaluation of ER/PR expres-
sion in clinical practice.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2024.10.028.
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4.5 Meijs-Hermanns P, Werner HMJ, Kooreman L, Bretova P, Weinberger V,
Vrede S, et al. Improving preoperative binary grading: relevance of p53 and
PR expression in grade 2 endometrioid endometrial carcinoma. Int ]

Gynecol Cancer. 2025;35(4):101682.

As a part of ongoing efforts to identify clinically relevant IHC markers, another
multicentric study was conducted to enhance pre-operative risk stratification in
patients with grade 2 endometrioid endometrial carcinoma by evaluating the
prognostic significance of immunohistochemical expression of p53 and PR.
Recognizing the limitations of the current binary grading system, which classifies
grade 2 tumors alongside grade 1 as low-grade, the study investigated whether

incorporating p53 and PR status could more accurately predict patient outcomes.

The study analyzed data from 1,150 patients across three European cohorts, including
the University Hospital Brno, counting 400 with pre-operative grade 2 endometrial EC,
602 with grade 1, and 148 with grade 3. Among the grade 2 group, tumors were further
stratified based on p53 and PR expression into two categories: (1) p53 wild-type with

PR-positive expression, and (2) p53 aberrant and/or PR-negative expression.

Patients with grade 2 tumors exhibiting p53 wild-type and PR-positive expression had
a 7-year DSS rate of 95.8%, comparable to the 97.5% DSS observed in grade 1 patients.
Conversely, grade 2 tumors with p53 aberrant and/or PR-negative expression
demonstrated a significantly lower 7-year DSS of 83.5%, akin to the 78.1% DSS in

grade 3 patients.

Multivariate Cox regression analysis identified p53 aberrant and/or PR-negative
status as an independent prognostic factor for both disease-specific and disease-free

survival, alongside FIGO stage and lymphovascular space invasion.

These results suggest that assessing p53 and PR expression pre-operatively can
effectively distinguish between low- and high-risk grade 2 EECs. Incorporating these
biomarkers into the grading system could lead to more tailored surgical and adjuvant

treatment strategies, potentially improving patient outcomes.
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In conclusion, the study supports a modified binary grading approach for grade 2
endometrioid endometrial carcinoma, wherein tumors are classified as low- or high-
grade based on combined p53 and PR immunohistochemical profiles. This approach
offers a cost-effective and widely accessible means to refine pre-operative risk

assessment and guide clinical decision-making.

The study entitled "Improving preoperative binary grading: relevance of p53 and PR
expression in grade 2 endometrioid endometrial carcinoma” was published in the

International Journal of Gynecologic Oncology (IF 4.5, Q1) in 2025.

Author’s contribution: conceptualization, investigation, data curation, manuscript

writing - review and editing.
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ABSTRACT

Objective: This study aimed to evaluate the association between pre-operative pro-
gesterone receptor (PR) and p53 expression and prognosis in pre-operative grade 2
endometrioid endometrial carcinoma compared with grade 1 and grade 3 carcinomas.

Methods: Three European endometrial carcinoma cohort studies were included. Pa-
tients with pre-operative grade 2 endometrioid carcinoma and known pre-operative PR
and p53 status were included (n = 400), as were patients with pre-operative grade 1 (n
= 602) or grade 3 (n = 148) endometrioid carcinomas. Kaplan-Meier and Cox
regression analyses were performed to analyze disease-specific and disease-free
survival.

Results: Patients with pre-operative grade 2 endometrial carcinoma and wild-type p53
plus PR-positive expression showed a similar 7-year disease-specific survival to grade 1
endometrial carcinoma patients (95.8% vs 97.5%, p = .13), while the 7-year disease-
specific survival of patients with grade 2 endometrial carcinoma with p53 aberrant and/or
negative PR expression (83.5%) was significantly lower (p < .001). The combination of
these markers was an independent prognostic factor in multivariate Cox regression
analyses.

Conclusions: The prognostic impact of pre-operative p53 and PR expression in pa-
tients with grade 2 endometrioid endometrial carcinoma supports a modified binary
grading system in which grade 2 patients should be pre-operatively classified as low- or
high-grade depending on p53 and PR expression.

Keywords:
Endometrioid Endometrial Carcinoma; p53; Progesterone Receptor; Grade 2

WHAT IS ALREADY KNOWN ON THIS TOPIC
Overall, 14% of grade 2 endometrioid endometrial carci-
nomas are upgraded post-operatively, putting them at risk
of (surgical) undertreatment. Therefore, pre-operative risk
stratification can be improved for pre-operative grade 2
endometrial carcinomas.

WHAT THIS STUDY ADDS

Pre-operative grade 2 endometrial carcinomas with wild-
type p53 plus positive PR expression showed similar
survival to grade 1 endometrial carcinomas, whereas
pre-operative grade 2 endometrial carcinomas with
aberrant p53 and/or negative PR expression showed
survival similar to grade 3 endometrial carcinomas.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

A low-cost, widely available, two-step immunohisto-
chemical approach involving p53 and PR improves risk
stratification in pre-operative grade 2 endometrial
carcinoma.

INTRODUCTION

In Europe, endometrial carcinoma is the most common gynecologic
malignancy.' Endometrial carcinoma is classified into different
histologic subtypes, of which the endometrioid subtype accounts
for > 75% of cases.”? The extent of surgical treatment for

endometrial carcinoma varies from simple hysterectomy to staging
procedures, including lymphadenectomy/sentinel lymph node (SLN)
biopsy with or without omentectomy.” SLN biopsy can be consid-
ered in patients with low- or intermediate-risk disease, while
lymphadenectomy is recommended in patients who are pre-

* Correspondence to Dr Henrica M J Wemer, Department of Obstetrics and Gynecology, Maastricht University Medical Center, P. Debyelaan 25, 6229 HX Maastricht, The
Netherlands; erica.werner@mumec.nl (H.M.J. Werner)

https://doi.org/10.1016/j.ijgc.2025.101682
1048-891X/© 2025 The Author(s). Published by Elsevier Inc. on behalf of European Society of Gynaecological Oncology and the International Gynecologic Cancer Society. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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operatively stratified in high-intermediate- or high-risk groups, for
which SLN biopsy is an alternative in stage | or Il disease.'

In this risk stratification, clinical stage, histologic subtype, and
grade were considered. As recommendations for surgical proced-
ures are based on this stratification, it is of great importance that
they are accurate.' Endometrioid endometrial carcinoma is
currently graded from 1 to 3, according to the International
Federation of Gynecology and Obstetrics (FIGO) grading criteria. All
non-endometrioid endometrial carcinomas are considered high
grade.“3 To simplify and improve the reproducibility of grading, a
binary classification was proposed in the most recent international
guidelines."* In this classification, grade 2 endometrioid endo-
metrial carcinomas are lumped together with grade 1 into a low-
grade category because their current management is similar."*
However, pre- and post-operative agreement in grade 2 endome-
trioid endometrial carcinomas was only 0.61 (95% CI 0.53 to 0.69,
n = 3027) in a meta-analysis of Visser and colleagues,’ with post-
operative upgrading in 14%. This issue was not solved using the
proposed binary approach and underscores the need for a more
accurate pre-operative classification system.

The molecular classification of endometrial carcinomas in the
Cancer Genome Atlas was introduced in the most recent guidelines
for endometrial carcinoma.®” To date, this molecular classification
has been demonstrated to be mainly helpful in high-grade and/or
advanced-stage endometrial carcinoma to guide adjuvant treatment
in the post-operative setting but not necessarily in the risk strati-
fication of low-grade endometrial carcinomas in the pre-operative
setting."“'a"’o

Several immunohistochemical markers may be useful for this
purpose. TP53 mutated endometrial carcinomas have the worst
clinical outcomes in the Cancer Genome Atlas molecular classi-
fication of endometrial carcinomas and are considered high-risk
according to recent guidelines.®” Aberrant p53 immunohisto-
chemical staining, a surrogate marker for TP53 mutations, is
known to be associated with the non-endometrioid subtype, un-
favorable clinicopathologic factors, and worse outcomes.®”-'""8
Hormone receptor expression has been extensively studied in
relation to outcomes. Low or absent progesterone receptor (PR)
expression is associated with lymph node metastasis and unfa-
vorable outcomes.'®?® Furthermore, Visser and colleagues®*
demonstrated in a cohort of cases pre-operatively classified as
grade 2 endometrioid carcinoma on hematoxylin and eosin
staining that post-operative upgrading was reduced by 6% when
cases with p53 aberrant and PR-negative immunohistochemical
expression were designated as high-grade in the pre-operative
setting.

This leads to the question of whether a combination of these
markers improves the prognosis of patients with pre-operative
grade 2 endometrioid endometrial carcinoma. It has been hy-
pothesized that in patients with grade 2 endometrioid endometrial
carcinoma, wild-type p53, and PR-positive expression are associ-
ated with improved survival compared to grade 2 endometrioid
endometrial carcinoma with a p53 aberrant and/or PR-negative
expression profile. Thus, our primary outcome was disease-specific
survival in grade 2 endometrioid carcinoma when patients were
stratified according to their p53 and PR status. The secondary
outcomes were disease-free survival, correlation of clinicopatho-
logic features with p53 and PR status, and differences in post-

operative discordance between the 2 pre-operative classification
methods.

METHODS

Study Cohort

For this retrospective study, data from 3 European endometrial
cancer databases were merged®*’ (Table S1). Cohort 1 consisted
of 763 patients treated between 1995 and 2013 in 10 collaborating
centers associated with the European Network for Individualized
Treatment of Endometrial Cancer; ethical approval was given in
Nijmegen, The Netherlands (Institutional Study Protocol 2015-
2101).2° Cohort 2 consisted of 432 patients who were prospectively
included in 9 Dutch hospitals between 2011 and 2013. Ethical
approval was provided by the local medical ethical committee, St.
Elisabeth Hospital Tilburg, the Netherlands (registered in the
Netherlands Trial Register, number NTR3503).2**” Cohort 3 con-
sisted of 235 patients treated at the University Hospital of Brno,
Czech Republic between 2012 and 2019, ethical approval was
granted by the ethics committee of the University Hospital Brno,
Czech Republic (approval number 06-151221/EK) (Table S1).%° All
variables in the 3 data sets were recoded when necessary such
that the variable names, labels, and label values were identical in
all data sets. All patients with pre-operative grade 1 to 3 endo-
metrioid endometrial carcinoma were included in the merged data
set. Patients with pre-operative grade 2 disease without known
pre-operative PR or p53 status were excluded.

Histologic and Immunohistochemical Analysis

Details of both the pathologic examination and immunohisto-
chemical analyses are provided in the Table S1 and the corre-
sponding articles.>*">” Examples of immunohistochemical staining
are provided in the Figure S1.

Outcome Measures
The biomarkers of interest were the pre-operative grade, p53, and
PR status. Patients were grouped into pre-operative grade 1
(irrespective of p53 and PR status), pre-operative grade 2 (stratified
by p53 and PR status), or pre-operative grade 3 (irrespective of p53
and PR status). Patients were subsequently stratified into 4 groups
(1] P53 wild-type, PR-positive, [2] P53 aberrant, PR-positive; [3]
P53 wild-type, PR-negative, and [4] P53 aberrant, PR-negative), or
2 categories ([1] P53 wild-type, PR-positive and [2] all other).
The primary outcome of interest was disease-specific survival,
which was defined as the time between the date of surgery and
death due to endometrial carcinoma or censoring. The secondary
outcome of interest was disease-free survival, defined as the time
between the date of surgery and an event or censoring. Residual
disease, local (vaginal vault), regional (regional lymph nodes/
pelvis), or distant recurrences were all considered events.
Furthermore, the correlations between clinicopathologic features
and p53 and PR status were evaluated. Finally, post-operative
discordances were compared between the 2 methods of pre-
operative classification, considering all patients with pre-operative
histologic grade 2 disease as low grade, versus the algorithm of
Visser and colleagues,®* in which patients with pre-operative grade
2 endometrioid endometrial carcinoma with p53 aberrant and PR-
negative expression were considered high grade. Because this
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algorithm was originally tested in cohort 2, only patients with pre-
operative grade 2 disease from cohorts 1 and 3 were used to
validate the algorithm.

Statistical Analyses
Statistical analyses were performed using SPSS software (IBM
SPSS Statistics 28). The X2 or Fisher exact tests with Bonferroni
correction were used to compare categorical variables. Analysis of
variance or Kruskal-Wallis tests were used for continuous variables.
Kaplan-Meier plots were constructed (capped at 7 years), and log-
rank tests and Cox regression analyses were performed. Differ-
ences were considered statistically significant with a p value of
<.05; significance levels were adjusted accordingly in post hoc
comparisons with Bonferroni correction.?®

In accordance with the journal’s guidelines, we will provide our
data for independent analysis for the purpose of additional data
analysis or for the reproducibility of this study in other centers if
requested.

RESULTS

In total, 1150 patients were included: 602 with pre-operative grade 1
(52.3%), 400 with grade 2 (34.8%), and 148 with grade 3 endo-
metrioid endometrial carcinoma (12.9%) (Table 1). Negative prog-
nostic parameters such as advanced FIGO-stage, lymph node
metastases, and lymphovascular space invasion were more
frequently present when the pre-operative grade increased. Similarly,
the recurrence and disease-related mortality increased when the
pre-operative grade was higher. Among patients with pre-operative
grade 2 endometrioid carcinoma, there were 99 (24.8%) post-
operative discordant cases: 52 (52.5%) were reclassified as grade 1,
32 (32.3%) as grade 3, and 15 (15.2%) as non-endometrioid
endometrial carcinoma (data not shown). The differences between
cohorts are presented in the Supplementary Files (Table S2).

With increasing pre-operative grade, significantly more frequent
p53 aberrant and/or negative PR expression were observed (p <
.001) (Table 1). Only 1.4% (n = 8) of the patients showed a p53
aberrant/negative PR expression profile in the pre-operative grade
1 group, compared to 17.2% (n = 25) in the pre-operative grade 3
group (Table 1). There were significantly more distant (p < .001)
and total (p = .048) recurrences and disease-related deaths (p <
.001) in pre-operative grade 2 with p53 aberrant and/or negative
PR expression status than in grade 2 endometrioid endometrial
carcinoma with wild-type p53 and positive PR expression (Table 2).
In patients with pre-operative grade 2 endometrioid carcinoma who
underwent lymphadenectomy (n = 148), more lymph node me-
tastases were observed in the p53 wild-type/negative PR (17.6%, n
= 3) and p53 aberrant/negative PR (33.3%, n = 1) subgroups
than in the p53 wild-type/PR-positive subgroup (8.7%, n = 10). No
lymph node metastases in the p53 aberrant/positive PR subgroup.
These differences were not statistically significant (p = .19).

Patients with a pre-operative increase in tumor grade had
significantly shorter disease-specific survival (Fig. A). Patients with
pre-operative grade 1 endometrioid carcinoma (7 = 596) showed a
7-year disease-specific survival of 97.5%, which was comparable to
the disease-specific survival of patients with pre-operative grade 2
endometrial carcinoma with wild-type p53 and PR-positive expres-
sion (7 = 312) of 95.8% (p = .13) (Fig. B). The 7-year disease-

specific survival of grade 2 endometrial carcinoma patients with p53
aberrant and/or negative PR expression (n = 85) was 83.5%, which
was comparable to that of grade 3 endometrioid endometrial car-
cinoma patients (n = 146) with a 7-year disease-specific survival of
78.1% (p = .24) (Fig. B). Both differed significantly from the dis-
ease-specific survival of patients with pre-operative grade 1 and
grade 2 endometrial carcinoma with wild-type p53 and PR-positive
expression (p < .001) (Fig. B). Similarly, the disease-free survival
curves showed an overall significant difference (p < .001) (Fig. C).
Disease-specific and disease-free survival was significantly shorter
in patients with pre-operative grade 2 endometrioid carcinoma with
p53 aberrant and/or PR expression profiles (Table 2). Kaplan-Meier
disease-specific survival curves for grade 2 tumors divided into 4
subgroups based on p53 and PR expression are shown in the
Supplementary Files (Fig. S2).

Subsequently, univariate and multivariate Cox regression ana-
lyses were performed to study variables affecting the HRs. The
variable “data set” refers to the original cohorts of which cases
were extracted and were added in view of observed differences
between the original cohorts (Table S2). In both univariate and
multivariate analyses of disease-specific survival in pre-operative
grade 2 endometrioid carcinoma, FIGO-stage, p53 aberrant and/or
negative PR expression, and data set were shown to have an in-
dependent prognostic impact (Table 3). Lymphovascular space
invasion showed a prognostic impact only in univariate Cox
regression analysis. Both p53 aberrant and negative PR status as
individual markers affected the HR in univariate disease-specific
survival Cox regression analysis, but only PR status remained an
independent prognosticator in multivariate regression analyses
(data not shown). P53 aberrant and/or negative PR expression
status was also an independent prognosticator in Cox regression
analyses for disease-free survival, together with FIGO stage and
lymphovascular space invasion (Table S4).

In addition to the primary and secondary outcomes, the algo-
rithm proposed by Visser and colleagues was applied to a subgroup
of patients with pre-operative grade 2 endometrioid carcinoma in
our merged cohort (n = 304).%* The pre-operative and post-
operative concordance with the usual binary grading (all pre-
operative grade 2 endometrioid carcinomas were considered low-
grade, omitting p53 and PR status) was determined, which resulted
in 31 post-operative discordant cases. Application of the algorithm
of Visser and colleagues (pre-operative grade 2 endometrioid
carcinomas with p53 aberrant and negative PR expression were
high grade) did not result in a reduction in discordant cases (7 =
33) (Table $5).24

DISCUSSION

Summary of Main Results

The combination of pre-operative p53 and PR immunohistochem-
ical expression status in pre-operative grade 2 endometrioid
endometrial carcinomas is an important prognosticator regarding
disease-specific and disease-free survival in both survival and
regression analyses.

Results in the Context of Published Literature
Patients with pre-operative grade 2 endometrioid carcinoma, with
wild-type p53 plus PR-positive immunohistochemical expression,
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Table 1 Patient- and Clinical Characteristics, Divided in Pre-Operative Grade 1 to 3 Endometrioid Endometrial Carcinoma

Variable Grade 17 Grade 2% Grade 3 p Value®
Number of patients 602 400 148
Mean age in years + SD° 64.5 + 10.1 65.5 + 9.5 67.4 +£10.0 .021
Median BMI [IQR]“ 29.4 [25.7-34] 31 [26.6-35] 28 [24.7-33.4] .005
Post-menopausal status® 56 (9.4) 25 (6.3) 7 (4.7) .07
Diabetes mellitus’ 94 (17.3) 97 (24.8) 29 (20.6) .020
Cardiovascular disease®’ 230 (42.4) 203 (51.9) 65 (46.1) .016
Lymph node dissection 217 (36) 148 (37) 82 (55.4) <.001
of which positive 14 (6.5) 14 (9.5) 16 (20.0) .002
Adjuvant treatment” 201 (33.4) 188 (47.0) 110 (74.3) <.001

of which radiotherapy 185 (92.0) 164 (87.2) 88 (80)

of which chemotherapy 6 (3.2 14 (7.4) 11 (10)

of which chemoradiation 9 (4.9 10 (6.3) 11 (10)
Lymphovascular space invasion' 54 (11.5) 51 (14.2) 46 (33.6) <.001
FIGO-stage <.001

la 401 (66.6) 219 (54.8) 59 (39.9)

Ib 150 (24.9) 117 (29.3) 42 (28.4)

Il 23 (3.9) 34 8.5) 15 (10.1)

llla 8 (1.3 14 (3.5) 5 (3.4)

llib 4(0.7) 0 (0) 3(2

llic 11 (1.8) 11 (2.8) 16 (10.8)

IVa 1(0.2) 0 (0) 1(0.7)

Vb 4(0.7) 5(1.3) 7(4.7)
p53 and PR status’ <.001

p53 wild-type, PR positive 480 (84.7) 313 (78.3) 67 (46.2)

p53 aberrant, PR positive 33 (5.8) 43 (10.8) 30 (20.7)

p53 wild-type, PR negative 46 (8.1) 33 (8.3) 23 (15.9)

p53 aberrant, PR negative 8 (1.4) 11 (2.8) 25 (17.2)
Post-operative discordances 199 (33.1) 99 (24.8) 50 (33.8) .012
Median follow-up in mos [IQR]* 59.8 [49.1-78.5] 58.4 [45.8-71.9] 61.4 [52.1-78.0] .028
Total recurrences' 36 (6.0) 59 (14.8) 43 (29.3) <.001

Local 13 (33.3) 26 (43.4) 14 (32.6)

Regional 5 (12.8) 11 (18.3) 5 (11.6)

Distant 22 (56.4) 31 (51.7) 35 (81.4)
Deceased™ 67 (11.2) 58 (14.6) 54 (36.5) <.001

Endometrial carcinoma-related mortality 17 (25.4) 28 (48.3) 33 (61.1)

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; IQR, interquartile range; SD, standard deviation.
Percentages are calculated from total number of patients in vertical columns. FIGO-stage is according to 2009 FIGO staging system for endometrial cancer. All values are n (%) unless
otherwise specified.

@ Atotal of 4 grade 1 and 2 grade 2 patients had residual disease after surgical treatment.

® p Value for the ANOVA- or Kruskal-Wallis test for continuous variables and -test for categorical variables. Bold variables indicate statistical significance.

© A total of 291 missing values.

9 A total of 84 missing values.

© A total of 8 missing values.

' A total of 75 missing values

9 A total of 76 missing values.

" A total of 1 missing value. One patient received an aromatase inhibitor as adjuvant therapy.

I A total of 186 missing values.

I A total of 38 missing values (in grade 1 and 3 subgroups).

X Median follow-up excluding deceased patients, n = 961.

! A total of 2 missing values.

™ A total of 9 missing values regarding variable deceased yes or no. Cause of death is unknown in 27 patients.
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Table 2 Tumor- and Patient Characteristics in Pre-Operative Grade 2 Endometrioid Endometrial Carcinoma, Divided in Subgroups According to p53

and PR Status (N = 400)

Variable p53 wild-type, PR p53 aberrant, PR p53 wild-type, PR p53 aberrant, PR P
positive (n = 313) positive (n = 43) negative (n = 33) negative (n = 11) Value®
FIGO-stage .09
la 175 (55.9) 24 (55.8) 16 (48.5) 4 (36.4)
Ib 93 (29.7) 11 (25.6) 11 (33.3) 2(18.2)
1l 27 (8.6) 3(7) 2 (6.1) 2(18.2)
llla 8 (2.6) 3(7) 1) 2(18.2)
llic 8 (2.6) 0(0) 2 (6.1) 1(9.1)
Vb 2 (0.6) 24.7) 1) 0(0)
Lymphovascular 39 (13.7) 5(13.9) 6 (20) 1(11.1) .81
space invasion®
Lymph node 10 8.7) 0(0) 3(17.6) 1(33.3) 19
metastases®
Total recurrences 38 (12.1) 10 (23.3) 8 (24.2) 3(27.3) .048
Local recurrences® 21 (6.7) 0(0) 3 (9.4) 2 (18.2) 12
Regional recurrences® 6 (1.9) 2(4.7) 2 (6.3 1(9.1) 22
Distant recurrences’ 17 (5.4) 7 (16.3) 4 (12.5) 3 (27.3) .004
Endometrial carcinoma- 14 (4.5) 6 (14.3) 6 (18.8) 2(18.2) <.001
related mortality®
7-year disease-free 273 (87.5) 33 (78.6) 24 (75) 8 (72.7) .008
survival”
7-year disease-specific 299 (95.8) 36 (85.7) 26 (81.3) 9 (81.8) 0.001

survival

Abbreviations: ANOVA, analysis of variance; FIGO, International Federation of Gynecology and Obstetrics; PR, progesterone receptor.
Percentages are calculated from total number of patients in vertical columns unless stated otherwise. FIGO-stage is according to 2009 FIGO staging system for endometrial cancer. All

values are n (%).

2 pValue for the ANOVA or Kruskal-Wallis test for continuous variables, % >test for categorical variables and log-rank test for survival. Bold variables indicate statistical

significance.
® 41 missing values.

¢ Percentages are calculated in the subgroups of patients who received lymphadenectomy (7 = 115 in pre-operative grade 2 endometrioid endometrial carcinoma
with p53 wild-type, PR positive; n = 13 in pre-operative grade 2 endometrioid endometrial carcinoma with p53 aberrant, PR positive; n = 17 in pre-operative grade 2
endometrioid endometrial carcinoma with p53 wild-type, PR negative; n = 3 in pre-operative grade 2 endometrioid endometrial carcinoma with p53 aberrant, PR

negative).
9 A total of 1 missing value.
¢ A total of 3 missing values.
" A total of 1 missing value.

9 Survival status is unknown in 3 patients. Cause of death is unknown in 7 patients.

" A total of 3 missing values.
" A total of 3 missing values.

showed similar survival to that of pre-operative grade 1 patients,
while the survival of patients with aberrant p53 and/or negative PR
expression was comparable to that of patients with grade 3
endometrioid carcinoma. The importance of both p53 and PR as
individual prognostic markers is already known from previous
studies. The Cancer Genome Atlas reported that prognosis was
worse in the copy number-high endometrial carcinoma subgroup,
which is considered a high-risk subgroup according to recent
guidelines.”®7 In the high copy number group, 92% showed 7P53
mutations, for which p53 aberrant immunohistochemical staining
was used as a surrogate marker.>”’

Aberrant immunohistochemical p53 expression is an established
prognostic biomarker associated with non-endometrioid histologic
subtypes, unfavorable clinicopathologic factors, and worse outcomes
in many studies."'"'® In particular, the latter was underscored in this

study (eg, patients with pre-operative grade 2 carcinoma showed
shorter disease-specific and disease-free survival when there was
aberrant p53 expression). Interestingly, although hormone receptor
expression profiles have been well-established biomarkers for de-
cades, estrogen receptor (ER) and PR expression are not part of the
current molecular classification of endometrial carcinoma. However,
several studies have suggested the prognostic value of ER and PR
status in endometrial carcinoma molecular subgroups with ‘no
specific molecular profile.”'6:1920:22.23.29-31 Racently Huvila and
colleagues®’ demonstrated that negative PR expression was an in-
dependent risk factor for relapse in patients with stage | and II
endometrioid carcinoma. In this study, p53 aberrant expression only
significantly affected the HR in univariate analyses, which is similar
to our results and underlines the importance of PR as an independent
prognostic marker.?" Similarly, in a study by Trovik and colleagues,?
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Figure  (A) Kaplan-Meier plots of 7-year DSS of pre-operative grade 1 to 3 endometrioid endometrial carcinoma; 74 events. (B) Kaplan-Meier plots of 7-

year DSS of pre-operative grade 1 to 3 endometrioid endometrial carcinoma, with grade 2 further specified regarding PR and p53 status; 74 events. (C)
Kaplan-Meier plots of 7-year disease-free survival of pre-operative grade 1 to 3 endometrioid endometrial carcinoma, with grade 2 further specified
regarding PR and p53 status; 136 events. DSS, disease survival specific; PR, progesterone receptor.

Table 3 Univariate and Multivariate Cox Regression Analyses of Disease-Specific Survival in Pre-Operative Grade 2 Endometrioid Endometrial

Carcinoma (N = 400)

Variable

FIGO-stage®
p53 aberrant and/or PR negative”
Lymphovascular space invasion®
Data set”

Data set 2

Data set 3

Univariate Cox regression

Multivariate Cox regression

HR
4.5
3.8
3.7

2.9
0.7

95% CI p Value
21t09.6 <.001
1.8t07.9 <.001
1.6t0 8.4 .002
1.3t0 6.8 .013
03to0 22 679

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; PR, progesterone receptor.
Events: 25. FIGO-stage is according to 2009 FIGO staging system for endometrial cancer. Bold variables indicate statistical significance.
@ Reference category is FIGO I; 7 missing values.
b Reference category is p53 wild-type and PR positive; 7 missing values.
© Reference category is number 48 missing values.
9 Reference category is data set 1. 7 missing values.

both p53 aberrant expression and loss of ER/PR expression in
curettage specimens were associated with shorter disease-specific
survival and lymph node metastasis. ER/PR loss was also an inde-

pendent predictor in multivariate Cox regression.

It is important to note that we specifically explored the combi-
nation of PR/p53, based on the broad analysis by Visser and col-
leagues®® favoring the use of PR and p53 over ER. The

Adjusted HR

3.3
3.3
2.2

3.0
0.9

95% CI

1.3t08.2
15t075
09t05.8

12t07.3
0.3t02.6

p Value
.012
.004

11

.016
.78

The results reported by Visser and colleagues regarding the
decrease in post-operative discordance when p53 and PR
expression were considered in pre-operative grade 2 patients could

not be replicated in the 2 independent cohorts.? Although this

abovementioned studies by Vermij and colleagues® and Jamieson
and colleagues®® which evaluated ER as a prognostic marker in the

subgroup with ‘no specific molecular profile,” likely highlighted a
different part of the discussion, demonstrating that ER-positive
expression is a favorable marker in this specific molecular class.
However, to highlight their relatedness, in the study by Jamieson
and colleagues®® PR was an equally strong marker as ER, albeit
only in the univariate analysis. Furthermore, Vermij and col-
leagues® showed that within the ER-positive group, PR-negative
expression further identified patients with unfavorable pathologic
characteristics (eg, high-grade or non-endometrioid subtypes),

underscoring the importance of PR.

STRENGTHS AND WEAKNESSES

The major strengths of this study are the multicenter setting, the
large size of the study population, and the focus on the pre-
operative setting, analogous to routine clinical practice. Another
strength is that even after correcting for data set differences in
multivariate analyses, PR and p53 status remained independent
prognosticators of disease-specific survival, emphasizing the val-
idity of these markers. The retrospective nature of this study re-
mains a limitation, leading to possible heterogeneity in some

information could not be retrieved, the pre-operative p53 and/or PR
status had already been considered in these 2 other cohorts when
pre-operatively assessing the grade or histologic subtype.

variables, including the assessment of lymphovascular space
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invasion and uniformity in lymph node dissection indications be-
tween the cohorts. However, this was unlikely to have compro-
mised our primary results. Another limitation was the heterogeneity
of the 3 cohorts, including differences in staining methods. We
evaluated the differences between the 2 scoring methods (staining
index vs 10% cutoff value for PR) in 50 cases, which showed 100%
concordance. Also, it is known from previous literature that tissue
microarrays are a high-quality alternative for whole-slide immu-
nohistochemical analyses in endometrial carcinoma for these
markers.*>*® Furthermore, the use of different antibodies is
consistent with daily clinical practice and underscores the robust-
ness of our data. There was a strikingly low post-operative
discordance in cohort 3 compared to the other cohorts and the
literature. This might be partially explained by the fact that only
cases with known pre-operative p53 and PR status were included
in this cohort, which was performed only when sufficient tissue
was available.

Implications for Practice and Future Research

Despite previously published evidence showing that both p53 and
PR are relevant prognostic markers, their exact roles in routine
practice remain unclear. We studied their value in the prediction of
prognosis in patients with pre-operative grade 2 endometrioid
carcinoma and showed that not all morphologic grade 2 carci-
nomas behave as low-grade tumors. Our data support the hy-
pothesis that pre-operative PR and p53 immunohistochemistry in
grade 2 carcinomas improve risk assessment in the pre-operative
setting. Although we fully support the binary classification system
proposed by the most recent guidelines, based on our data, we
would recommend that p53 and PR status should be considered
when pre-operatively stratifying morphologic grade 2 endometrioid
carcinomas.

Taking this a step further, such an approach may eventually
help in the decision regarding the surgical approach and the
consideration of whether staging procedures should be performed.
This requires further exploration in prospective studies with specific
attention to lymph node status and the impact of surgical staging
on oncologic outcomes. Furthermore, our results should be inter-
preted in the increasingly important field of the molecular classi-
fication of endometrial carcinomas.®’ Our results confirm that p53
is a valuable prognostic marker for grade 2 endometrial carcinoma
in the pre-operative setting. In addition, our results underscore the
importance of PR expression in pre-operative risk stratification,
which is not included in the current molecular classifications. Our
proposed, low-cost, and widely available dual p53 and PR immu-
nohistochemical approach may be an attractive alternative to reflex
molecular testing for pre-operative morphologic grade 2 endome-
trioid endometrial carcinomas.***®

CONCLUSION

We demonstrated that the combination of 2 simple immunohisto-
chemical staining methods, p53 and PR, was an important prog-
nosticator regarding survival. Our data support a modified binary
classification system in which grade 2 endometrioid endometrial
carcinomas are considered low- or high-grade, depending on the
p53 and PR expression status.
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In addition to immunohistochemical characteristics, a number of serum markers are
potentially applicable in gynecologic oncology, either as prognostic indicators at the
time of diagnosis or for monitoring patients after treatment.

However, no serum marker has yet proven sufficiently effective for routine clinical

implementation in endometrial carcinoma.

The most frequently studied tumor marker is CA125 (Cancer Antigen 125), while
HE4 (Human Epididymis Protein 4) appears to be more sensitive*47. Although both
markers are well established in ovarian cancer, their utility in endometrial cancer

remains very limited.

In this pilot study, we investigated the clinical utility of new potential serum markers
DJ1, also known as Parkinson’s disease-associated protein 7 (PARK7), and L1CAM,
alongside established tumor markers CA125 and HE4, in patients diagnosed with
endometrial cancer. A cohort of 65 patients was monitored, with serum levels

assessed at diagnosis and during follow-up periods.

In cases of disease recurrence, serum levels of DJ1, CA125, and HE4 were notably
higher than in patients without recurrence. While L1CAM levels were also elevated in

recurrent cases, this increase did not reach statistical significance.

DJ1 levels appeared unaffected by patient-specific factors such as age, BMI (body
mass index), renal function, or menopausal status. Conversely, L1CAM levels were
significantly higher in patients aged 260 years, those who were overweight (BMI 227

kg/m?), and postmenopausal women.

No significant correlation was found between DJ1 and L1CAM serum levels and

tumor stage, histological type, or recurrence risk at diagnosis.
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The study suggests that monitoring serum levels of DJ1 and L1CAM could provide
valuable insights into treatment efficacy and early detection of recurrence in EC
patients. However, due to the pilot nature of the study and the limited sample size,

further research is necessary to validate these biomarkers' clinical applicability.

This pilot study "The Clinical Significance of D]1 and L1CAM Serum Level Monitoring in
Patients with Endometrial Cancer”was published in the Journal of Clinical Medicine (IF

4,964, Q2) in 2021.

Author’s contribution: data curation, clinical methodology, manuscript writing -

review and editing.
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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 LICAM, 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, LICAM levels were significantly higher in patients with age >60 years who were
overweight. At the time of EC diagnosis, DJ1 and L1ICAM 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].

J. Clin. Med. 2021, 10, 2640. https:/ /doi.org/10.3390/jcm10122640

118

https://www.mdpi.com/journal /jem



J. Clin. Med. 2021, 10, 2640

20f 14

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?7),
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 (L1ICAM), is a membrane glycoprotein of the immunoglobulin family, crucially
involved in cancer cell migration and adhesion. LICAM 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 L1CAM 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 cTla 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-1II, 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 (n = 51; 79%). All the patients underwent a staging surgical
procedure (1 = 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.

Age (Years) .
Median (Min; Max) 65 (30; 85)
Menopausal status Pre-/perimenopausal 11 (17%)
(n, %) Postmenopausal 54 (83%)
Weight (kg) 82 (50; 121)
Biometric data Height (cm) 165 (146; 176)
Median (min; max) BMI (kg/m?) 31.3(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) 1.33 (0.52; 1.81)
I 50 (77%)
FIGO stage [25] I 8 (12%)
(n; %) 11 5 (8%)
v 2 (3%)
Myometrial invasion <50% 48 (74%)
(1; %) >50% 17 (26%)
EGI1-2 51 (79%)
Histology (n; %)
E G3, 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 (11; %) Distant 3 (5%)
No 60 (92%)
Time (months)
Median (min; max) 6.3 (2.6; 20.7)
Surgery—FU1
FUI-FU2, 1 = 56 46(1.7;14.7)
Dg-last FU 29.5(13.7; 46.5)
Alive 58 (89%)
Status at(:teo/e)nd of FU Died of EC 4(6%)
Died (another cause) 3 (5%)

Abbreviations: 7 = 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 : :[1‘\1]\/1 RT CHT FIGO Relapse (M:rl::’hs)
I 75 E 2 yes no yes yes IVB Distant 8

I 71 yes yes yes no I Local 16

m 72 E 2 yes no no no 1A &::it 11

v 55 E 2 yes no yes yes IVB Distant 13

¥V 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.

122

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).
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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
Median (IQR) 23.9 (16.8-32.8) 60.1 (32.7-61)
Valid n 110 5
L1CAM 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) 535 (44.5-712) 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.
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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, LICAM, 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 > 1mL/s 56 83.4 (40.6-139)
Renal function 0.604
CKD-EPI<1mL/s 7 74.1 (24.7-352)
Pre/perimenopausal 11 454 (24.4-1424)
Menopausal status 0.393
Postmenopausal 7] 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 > 1mL/s 56 1889.5 (1503.5-2350.3)
Renal function 0.105
CKD-EPI<1mL/s 4 2247 (1878-3343.5)
Pre/perimenopausal 11 1528 (1173-1928
Menopausal status 3 a ( ) 0.010
Postmenopausal 53 2000 (1565-2424.5)
<60 years 15 65.7 (57.7-105)
Age 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 > 1mL/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 15.4 (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 12.5 (9.9-15.8)
Pre/perimenopausal 17.6 (15.1-24.9)
Menopausal status 0.873
Postmenopausal 51 15.8 (10.8-23.8)

Abbreviations: 11 = 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. D]1, LICAM, CA125 and HE4 Serum Levels in Correlation with Tumor
Clinicopathological Characteristics

In our study, DJ1 and L1ICAM 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
EG1-2 50 83.4 (41.4-151.5)
Histological type 0.191
E G3, non-E 14 69 (22.1-94.5)
. . <50% 47 63.9 (35.4-135.5)
Myometrial invasion 0.331
>50% 17 91.1 (51.9-151.5)
D1 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 (37.1-1424)
Distant metastasi 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)
T EG1-2 50 1889.5 (1523.5-2418)
istologica 0.620
sl 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)
s 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)
EG1-2 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)
E G1-2 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)
CALR> 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. ! Low definitive risk = endometrial carcinoma G1-2 AND myometrial
invasion <50% AND LVSI negative (i.e., adjuvant treatment not recommended) 2 High definitive risk = criteria for low risk not met (i.e.,
adjuvant treatment recommended).

126



J. Clin. Med. 2021, 10, 2640

10 of 14

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 LICAM in correlation with markers CA125 and HE4 in EC patients. We
demonstrated that DJ1 and LICAM 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 L1ICAM serum
levels correlate with disease status. The essential condition thus has been met for the use
of DJ1 and LICAM 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, LICAM 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 (n = 45) compared to
healthy controls (1 = 29, p < 0.0001), the differences in serum levels between patients with
an early stage (FIGO I, II; n = 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. (1 = 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 LICAM 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 L1ICAM as serum circulation tumor biomarkers in
EC patients.
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5. Conclusions

We demonstrated that DJ1 and L1CAM 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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5 Lymph Node Staging

The status of regional lymph nodes (pelvic and para-aortic) represents one of the key
markers for accurate disease staging and the indication of appropriate adjuvant
therapy. Even among low-risk patients, there is a 4-6% risk of nodal metastases*84°.
The initial assumption that patients would therapeutically benefit from systematic
aortopelvic lymphadenectomy has not been confirmed>%51; moreover, this procedure
is associated with a high rate of intraoperative and postoperative morbidity,

particularly the development of lymphedema, lymphoceles, and lymphatic ascites>2.

As a result, SNB (sentinel node biopsy) has been incorporated into the diagnostic and
therapeutic algorithm. This method is associated with a significantly lower incidence
of postoperative complications>3. Initially recommended only for low-risk tumors, SNB
was later accepted as an alternative for high-risk cases as well. It is now the
predominant staging method for all types of endometrial carcinomas that are

preoperatively believed to be confined to the uterus3.

A major advancement in the accuracy of sentinel lymph node detection has been
achieved with the use of ICG (indocyanine green), which complements the traditionally
used tracers—Tc99 (technetium-99m) and blue dyes (patent blue, isosulfan blue, or
methylene blue). In one of the early studies, the bilateral detection rate using ICG
reached 78%, compared to only 31% with blue dye>4 Similar findings have been
confirmed in subsequent studies. A potential alternative with comparable success to

ICG is the combined use of Tc99 and blue dye>>.

The cervix has become the most commonly used site for ICG administration. Using this
technique, sensitivity for detecting nodal metastases can reach up to 97%p%¢. The
bilateral detection rate with intracervical injection of ICG ranges from 78% to
85%49545557 Although hysteroscopic peritumoral ICG injection under direct visual
control yields higher sensitivity for detecting para-aortic sentinel nodes®8, this

approach has not been widely adopted in clinical practice.

Another important advantage of SNB is the potential for more detailed lymph node

evaluation through ultrastaging, compared to conventional histopathological
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examination of multiple nodes>°. This approach increases the detection rate of nodal
involvement, including MIC (micrometastases; 0.2-2 mm) and ITC (isolated tumor
cells; <0.2 mm)®0. Micrometastases are associated with poorer survival outcomes and
lead to FIGO stage IIIC classification, thereby indicating the need for adjuvant therapy.
In contrast, current evidence does not suggest that ITCs have a prognostic impact, and

such patients typically do not receive adjuvant treatment®?.

A question remains whether the current trend of abandoning systematic
lymphadenectomy is suitable for all subtypes of endometrial carcinoma. A possible
future resurgence of lymphadenectomy cannot be ruled out, particularly for tumors
with specific molecular characteristics—e.g., increased risk of nodal involvement in
preoperatively low-stage p53-abnormal or MMR-deficient tumors. Nonetheless,
ongoing expert discussions do not support such a reversal. On the contrary, with the
publication of updated European guidelines*5, sentinel lymph node biopsy has become

the dominant staging method for all types of endometrial carcinoma.
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5.1 Vinklerova P, Minar L, Weinberger V, Felsinger M, Koblizkova M. Zména
trendu operacni 1é¢by a stagingu lymfatickych uzlin u karcinomu
endometria - vysledky Onkogynekologického centra Gynekologicko-
porodnické kliniky FN Brno a LF MU 2012-2021. Ces. Gynek., 2022; 87(5):
308-316.

Following international trends, surgical treatment and lymph node staging in
endometrial cancer have undergone significant changes in recent years. This study
aims to highlight these developments, with particular emphasis on the growing use of
minimally invasive techniques, by analyzing surgical outcomes at the Gynecological
Oncological Center of the Department of Gynecology and Obstetrics, University
Hospital Brno, from 2012 to 2021. The results are evaluated in the context of national
and international guidelines and compared with ESGO quality indicators of surgical

treatment.

Our findings demonstrate a clear and sustained shift toward MIS (minimally invasive
surgery), with total laparoscopic hysterectomy emerging as the predominant surgical
approach for early-stage EC by the end of the study period. Conversely, the use of
laparotomy has steadily declined. This trend mirrors international developments in
gynecologic oncology and reflects both improved availability of MIS technologies and

enhanced surgical proficiency among gynecologic oncologists in the Czech Republic.

We also emphasize the positive impact of healthcare centralization and adherence to
evidence-based guidelines, which have contributed to better clinical outcomes. The
increased utilization of MIS was associated with reduced intraoperative morbidity,
shorter hospitalization, and oncologic outcomes comparable to those achieved
through open surgery. Our department met all selected ESGO quality indicators,

confirming the high standard of surgical care provided.

In conclusion, our analysis demonstrates that our department has effectively
embraced the global trend of transitioning to minimally invasive surgical management

of endometrial carcinoma. We recommend continued investment in specialized
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training, institutional centralization, and systematic outcome monitoring to further

enhance the quality and safety of surgical care.

The retrospective analysis "Change in the trend of surgical treatment and staging of
lymph nodes in endometrial cancer - results of the Oncogynecology Center, Department
of Gynecology and Obstetrics, University Hospital Brno and Masaryk University in the
years 2012-2021“was published in Ceskd gynekologie (IF 0.4, Q4) in 2022,

Author’s contribution: first author, conceptualization, investigation, data curation,

manuscript writing - original draft.
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Zména trendu operacni lécby a stagingu
lymfatickych uzlin u karcinomu endometria -
vysledky Onkogynekologického centra
Gynekologicko-porodnické kliniky FN Brno a LF MU
v letech 2012-2021

Change in the trend of surgical treatment and staging of lymph
nodes in endometrial cancer — results of the Oncogynecology Center,
Department of Gynecology and Obstetrics, University Hospital Brno
and Masaryk University in the years 2012—2021

P.Vinklerova, L. Minaf, V. Weinberger, M. Felsinger, M. Koblizkova
Gynekologicko-porodnicka klinika LF MU a FN Brno

Souhrn: Uvod: Pohled na karcinom endometria se v posledni dekadé dramaticky proménil, doslo k vyrazné zméné v opera¢nim pfistupu a stagingu
lymfatickych uzlin. Tyto zmény prezentujeme na vysledcich Onkogynekologického centra Gynekologicko-porodnické kliniky FN Brno v letech
2012-2021 v kontextu aktualnich narodnich i evropskych doporuceni. Metodika: Retrospektivni unicentrickd observa¢ni studie, prehled narodnich
aevropskych doporucenych postupt. Vysledky: Ve sledovaném obdobi bylo na klinice Ié¢eno 715 pacientek s karcinomem endometria, opera¢ni lécbu
podstoupilo 636 z nich (89 %). V ramci stagingu lymfatickych uzlin je v prvni poloviné hodnoceného obdobi patrny trend rozsifovani lymfadenektomie
o paraaortalni oblast, v letech 2018-2019 pak zavadéni detekce sentinelové uzliny, nakonec prechod k této metodé jako k hlavnimu stagingovému
vykonu v roce 2021, kdy bylo vy3etieni provedeno u 73 % operaci, a to i u high risk karcinom spliujicich kritéria pro provedeni biopsie sentinelové
uzliny, tj. nadory omezené na délohu. S rozsitenim biopsie sentinelové uzliny je patrny postupny pokles laparotomickych vykont (maximum 41 %
vroce 2016, 18 % v roce 2021), snizeni krevni ztraty (2012-2019 median 100 ml, s poklesem na 50 ml v letech 2020-2021). Délka hospitalizace se ustélila
na medianu 5-6 dni. Zavér: Operacnilécba karcinomu endometria se stala pro vétsinu pacientek vykonem minimalné invazivnim, snizila se primérna
krevni ztrata, délka hospitalizace. Biopsie sentinelové uzliny se stala preferovanou metodou stagingu lymfatickych uzlin.

Klicova slova: endometridlni karcinom - lymfadenektomie - sentinelova uzlina - totalni laparoskopicka hysterektomie — délozni manipulator

Summary: Introduction: In the last decade, the view of endometrial cancer has shifted enormously, and the surgical approach or lymph node
staging has changed significantly. We are presenting these changes with the University Hospital Brno Oncogynecology center’s results in the
years 2012-2021 in the actual national and European guidelines context. Methods: The retrospective unicentric observational study, national
and European guidelines review. Results: In the observation period, 715 endometrial cancer patients were treated in our clinic, and 636 of
them underwent surgical treatment (89%). Concerning lymph node staging, firstly, there is a clear trend of expanding lymphadenectomy to the
paraaortic area, followed by the sentinel node biopsy introduction in the years 2018-2019, and finally, the complete transition to this method as
the main staging procedure in 2021, when this examination was performed in 73% of surgeries, even with high-risk cancers limited to the uterus.
Within the sentinel node biopsy expansion, a gradual decrease in laparotomy approach (maximum 41% in 2016, 18% in 2021), and blood loss
(2012-2019 median 100 mL, with a decrease to 50 mL in 2020-2021) was evident. A hospitalization length stabilized at a median of 5-6 days.
Conclusions: Surgical treatment of endometrial cancer has become a minimally invasive procedure for the majority of patients, the average
blood loss and hospitalization length have decreased. Sentinel node biopsy has become the preferred lymph node staging method.

Key words: endometrial cancer - lymphadenectomy - sentinel lymph node - total laparoscopic hysterectomy - uterine manipulator
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Uvod

Zhoubny nador téla délohy je v CR nej-
castéjsi gynekologickou malignitou
(karcinom prsu nepocitaje) s incidenci
35/100 000 Zen v roce 2018 [1]. Karci-
nom endometria (EC — endometrial car-
cinoma) je pak jeho nej¢astéjsi histo-
logickou variantou. Vzhledem k ¢asné
symptomatologii je vétsina onemocnéni
(67 %) diagnostikovana ve stadiu | dle
FIGO (the International Federation of
Gynecology and Obstetrics) klasifikace
s vynikajicim 5letym prezitim blizicim se
90 % [2]. Vyrazné se vak zhorsuje u vys-
Sich stadii a s horsimi prognostickymi
vlastnostmi nadoru.

Obr. 1. Délozni manipulator.
Fig. 1. Uterine manipulator.

Pohled na EC se v posledni dekadé
dramaticky proménil. Nejvétsi zmény
se udaly na poli histopatologického ¢le-
néni a ve stagingu lymfatickych uzlin.
Tradi¢ni déleni karcinomu do dvou typu
(typ I: 80-90 %, estrogen dependentni,
endometroidni/mucinézni typ, vznik
v terénu hyperplastického endometria;
typ Il: 10-20 %, na estrogenu nezavislé,
non-endometroidni typy, vznik v te-
rénu atrofického endometria) [3] je dnes
zcela nedostacujici a je doporuceno
pouzivat Ctyfi nové molekularni pod-
skupiny, které Iépe vystihuji biologické
chovéni nadort a realnou prognozu
pacientek [4].

Druhym ddlezitym milnikem pak
byla pravé zména trendu operacni
1écby a stagingu lymfatickych uzlin. Pa-
vodné pomérné hojné indikovana sys-
tematickd panevni a paraaortélni lym-
fadenektomie je dnes nahrazovana
minimalné invazivni biopsii sentine-
lové uzliny (SNB), a to (pfi spInéni pod-
minek) i u high-intermediate a high risk
tumort [(4].

Cilem prace je prezentovat tyto zmény
na vysledcich Onkogynekologického
centra Gynekologicko-porodnické kli-
niky FN Brno a LF MU v letech 2012-2021
v kontextu aktudlnich narodnich i evrop-
skych doporuceni. Vedlejsim cilem je po-
rovnat nase vysledky z roku 2021 s vy-
branymi ESGO (European Society of
Gynecologic Oncology) indikatory kva-
lity operacni 1écby, které byly publiko-
vany v témze roce [5].

Metodika

Jedna se o retrospektivni analyzu sou-

boru pacientek s EC lé¢enych na Gyne-

kologicko-porodnické klinice FN Brno

a LF MU v letech 2012-2021. Z databéze

klinickych dat jsme vyhledali nasledujici

udaje:

- typ primarni lécby
(chirurgickd/neoperacni);

- operacni pfistup (laparotomicky, lapa-
roskopicky, vaginalni);

-typ vykonu na lymfatickych uzlinach
(pelvicka * paraaortalni lymfadenekto-
mie, biopsie sentinelové uzliny);

- délka operac¢niho vykonu;

- krevni ztréta;

- peroperacni komplikace (dle ESGO kri-
térii poranéni orgdnl — mocového mé-
chyfe, streva, velkych cév, nerva);

- délka hospitalizace.

V piipadé minimalné invazivniho vy-
konu se jednalo o laparoskopicky asis-
tovanou vagindlni hysterektomii (LAVH)
nebo totdlni laparoskopickou hysterek-
tomii (TLH), s pouzitim délozniho ma-
nipulatoru (obr. 1), kde je cely vykon v¢.
sutury posevniho pahylu proveden lapa-
roskopicky (obr. 2).
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Indikace k lymfadenektomii se fidila dle
aktudlné platnych doporuceni, kterd se
v pribéhu sledovaného obdobi zménila
a jsou podrobnéji popsana v diskuzi. Pa-
cientky indikované k systematické lym-
fadenektomii podstoupily odstranéni
tukové-lymfatické tkdné z panevni a pa-
raaortalni oblasti az po Uroven renalnich
Zil (obr. 3).

Pokud byla jako stagingova metoda
zvolena detekce sentinelovych uzlin
(SLN - sentinel lymph node), apliko-
vali jsme indocyanovou zelen intra-
cervikdlné (na ¢isle 3 a 9) v hloubce
5 a 20mm, nasledovala detekce SLN
v malé pénvi specialni kamerou pro sni-
mani fluorescenéniho zafeni (Novadaq
Pinpoint) 15-20 min od aplikace (obr. 4).
Pfi histopatologickém ultrastagingu
byly vSechny sentinelové uzliny fixo-
vany v 10% pufrovaném formalinu, poté
zméreny ve tfech rozmérech a zpraco-
vény v celém rozsahu ve 2mm lame-
lach. Z kazdé lamely byl zhotoven jeden
fez o tloustce 4 um obarveny hematoxy-
linem a eozinem (HE), nasledoval 4 pm
tlusty fez obarveny imunohistoche-
micky protilatkou proti cytokeratiniim
AE1/AE3 a poté nasledovaly tfi rezy HE
vzdy po odkrojeni 200 um. Tento postup
byl opakovan az do tplného spotiebo-
vani kazdé lamely zhotovené ze SLN.

Data z posledniho sledovaného roku
byla podrobnéji analyzovéna a porov-
néana s indikatory kvality operacni lécby
dle doporuceni ESGO. Z 29 parametrt
bylo vybrano 15, které pfimo souvisi
s primarni operacni Ié¢bou a stagingem
lymfatickych uzlin.

V ramci diskuze popisujeme nejda-
lezitéjsi body narodnich a evropskych
guidelines tykajici se chirurgické 1é¢by
a stagingu lymfatickych uzlin u karci-
nomu endometria.

Vysledky

V letech 2012-2021 bylo na Gynekolo-
gicko-porodnické klinice FN Brno a LF MU
diagnostikovédno a léceno 715 pacien-
tek s karcinomem endometria (v¢. kar-
cinosarkomu), primarné operacni lécbu

Obr. 2. Sutura posevniho pahylu laparoskopicky s pouzitim V-lock stehu.
Fig. 2. V-lock suture of the vaginal cuff.

Obr. 3. Retroperitoneum po provedené panevni a paraaortalni lymfadenekto-
mii po uroven levé rendlni zily.

Fig. 3. Retroperitoneal space after pelvic and paraaortic lymphadenectomy to the
level of the left renal vein.
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ZMENA TRENDU OPERACNI LECBY A STAGINGU LYMFATICKYCH UZLIN U KARCINOMU ENDOMETRIA

Obr. 4. Detekce panevni sentinelové uzliny pomoci kamery Novadaq Pinpoint.
Fig. 4. Pelvic sentinel node detection using the Novadaq Pinpoint camera.

Operacni pfistup

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

LPT LSK

VAG

LPT - laparotomicky, LSK - laparoskopicky, VAG - vaginélni

Graf 1. Typy operacnich pfistupu.
Graph 1. Surgical approaches.
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ZMENA TRENDU OPERACNI LECBY A STAGINGU LYMFATICKYCH UZLIN U KARCINOMU ENDOMETRIA

LAVH vs. TLH

2012 2013 2014

mmm—

2015 2016 2017 2018

LAVH TLH

2019 2020 2021

LAVH - laparoskopicky asistovana vagindIni hysterektomie, TLH - totéIni laparoskopické hysterektomie

Graf 2. Miniinvazivni techniky.
Graph 2. Mini-invasive techniques.

podstoupilo 636 z nich (89 %). Trend pre-
chodu laparotomického pfistupu v la-
paroskopicky ukazuje graf 1, vaginalni
pristup se vyskytuje po celou dobu jen
v ojedinélych pfipadech. Ve sledovaném
obdobi doslo k zavedeni metody TLH,
ktera postupné zcela nahradila LAVH (graf
2). Ve stagingu lymfatickych uzlin nejprve
dominuje samostatna panevni lymfade-
nektomie, ke které se zahy pridava para-
aortélni, az jsou konecné vytlaceny me-
todou detekce sentinelové uzliny v roce
2020-2021 (graf 3). V pfipadé systema-
tické aortopelvické lymfadenektomie
bylo priimérné odstranéno 62 uzlin.
Median krevni ztraty se v letech 2012-
2019 drzina 100 ml, s poklesem na 50 ml
v poslednich 2 letech. Délka opera¢niho
vykonu se prodlouzila z medidnu 90 min
na pocatku sledovaného obdobi na
115 min v roce 2020. Délka hospitalizace
se z plivodnich 7-8 dn(i zkratila na 5-6.
Peroperacni komplikace (ve smyslu
poranéni organt) se v prvni pulce sle-

dovaného obdobi vyskytly v 5-6 % pfi-
padd, od roku 2017 je to < 3 %.

Tab. 1 porovnéva vybrané ESGO indi-
katory kvality operacni 1é¢by karcinomu
endometria s vysledky naseho Onkogy-
nekologického centra z roku 2021.

Diskuze

Pohled na operacni lécbu a staging lym-
fatickych uzlin u karcinomu endometria
se v poslednich letech vyrazné promé-
nil. V roce 2013 byl Onkogynekologic-
kou sekci CGPS (Ceska gynekologicka
a porodnicka spole¢nost) vydan aktua-
lizovany doporuceny postup Guidelines
gynekologickych zhoubnych nadort:
Standard - Komplexni Iécba zhoub-
nych nadort endometria [6]. U pacien-
tek s operabilnim karcinomem endo-
metria se za zakladni chirurgicky vykon
povazovala extrafascialni hysterektomie
s bilateralni adnexektomii, ktera byla do-
stacujici u low risk nadort (endomet-
roidni/mucinézni histologicky typ sta-

dium |, grade 1 bez ohledu na invazi do
myometria; endometroidni/mucinézni
typ stadium |, grade 2, invaze zasahu-
jici < 1/2 myometria), v této skupiné byly
kromé abdominalniho pfistupu dopo-
ruceny i miniinvazivni techniky (LAVH,
TLH). U pacientek s predpoklddanym vy-
sokym rizikem postizeni lymfatickych
uzlin (high risk) byl doporuc¢en kom-
pletni chirurgicky staging v rozsahu pa-
nevni a paraaortélni lymfadenektomie
az do urovné levostranné rendlni zily.
U pacientek s invazi tumoru do déloz-
niho hrdla bylo doporuceno provést ra-
dikalIni hysterektomii v rozsahu radika-
lity typu B. Techniky detekce sentinelové
uzliny byly v té dobé urceny pouze pro
standardné definované studie v ramci
klinického hodnoceni. Peropera¢né bylo
doporuceno provést histologické vyset-
feni délohy k potvrzeni zafazeni do rizi-
kové skupiny. V pfipadé zmény na high
risk byl vykon extendovan o systematic-
kou aortopelvickou lymfadenektomii.
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Staging lymfatickych uzlin

.

2013

2014

2017

M PALN + PLN PLN M SNB

2018

2019 2020 2021

M bez stagingu
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Graf 3. Typ operacniho vykonu u pacientek indikovanych ke stagingu lymfatickych uzlin.
Graph 3. Type of surgical procedure in patients indicated for lymph node staging.

Dalsi aktualizace jiz Onkogynekolo-
gicka sekce nevydava a fidime se evrop-
skymi guidelines, ktera vydavaji v roce
2016 spole¢nosti ESMO (European So-
ciety for Medical Oncology), ESGO
a ESTRO (European SocieTy for Radio-
therapy and Oncology) [7]. Standard-
nim chirurgickym vykonem zlistava ex-
trafascialni hysterektomie s bilateralni
adnexektomii bez posevni manzety. Ra-
dikalni hysterektomie u nadort posti-
hujicich stroma délozniho hrdla neni
nadale doporucovéna. Odstranéni pa-
rametrii pripada v Uvahu pfi jejich posti-
Zeni tumorem ve snaze o dosazeni vol-
ného resekéniho okraje, a tedy nulového
pooperacniho rezidua. Minimalné inva-
zivni vykony jsou doporuceny u low a in-
termediate risk karcinomt, mohou byt
zvazeny i u high risk tumord. Pokud je
provadéna lymfadenektomie, je rovnéz
doporuceno systematické odstranéni
uzlin panevnich a paraaortdlni az do
urovné renalnich Zil. Biopsie sentinelové

uzliny je stale povazovéana za experimen-
talni metodu, nicméné s upozornénim
na rozsahlé studie, které ukazuji na pou-
zitelnost u karcinomu endometria [8,9].
Diky této technice a ultrastagingu uzlin
roste zachyt mikrometastaz a izolova-
nych nadorovych bunék, jejich vyznam
je ovsem zatim nejasny. Lymfadenekto-
mie neni indikovéana u pacientek s niz-
kym rizikem postizeni uzlin (grade 1/2,
invaze do myometria < 50 %), zvazo-
vana je jako stagingova metoda u inter-
mediate risk tumort (grade 1/2 s invazi
do myometria > 50 % nebo grade 3 s in-
vazi do myometria < 50 %), doporucena
je pak u high risk karcinomt (grade 3,
s invazi do myometria > 50 %), u klinic-
kého/peroperac¢niho stadia Il a non-en-
dometroidnich typu.

Nejnovéjsi guidelines pak vydava
ESGO/ESTRO/ESP (European Society of
Pathology) v roce 2020 [4]. ZdUraznéna
je role miniinvazivnich technik i u high
risk tumort (mimo pfipady s metasta-

zami mimo délohu a ¢ipek). Nové je
metoda SNB povazovéna za adekvatni
stagingovy vykon u low-/intermediate
risk karcinomu, kde nemusi byt prove-
dena pii absenci invaze do myometria.
Déle muze byt i alternativou systema-
tické lymfadenektomie u high-interme-
diate risk nebo high risk tumor( stadia
I a Il. Lymfadenektomie je provadéna
v ramci debulkingu u makroskopicky
zvétsenych uzlin, ptipadné pfi perope-
racni pozitivité SNL, kdy pfi jeji lokali-
zaci v oblasti panevni je doporuceno od-
stranit pouze klinicky zvétsené uzliny
v oblasti panve a vykon doplnit o syste-
matickou suprapelvickou lymfadenekto-
mii. Preferovanou metodou je intracer-
vikalni injekce (ICG - indocyanin green)
a nasledny patologicky ultrastaging
SLN. Detekce mikrometastaz (< 2mm)
je povazovana za metastatické postizeni
spolu s makrometastdzami (> 2mm), vy-
znam nalezu ITC (izolované nadorové
bunky, < 0,2mm) je stale nejasny.
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Tab. 1. Vybrané indikatory kvality operacni lécby dle ESGO kritérii.
Tab. 1. Selected indicators of the quality of surgical treatment according to ESGO criteria.

Indikator kvality

Pocet noveé diagnostikovanych a lé¢enych pripad karcinomu endometria za rok

Pocet primarné chirurgicky lé¢enych pripadd karcinomu endometria (pocatecni i pokrocilé)

Operace provedené specialistou v onkogynekologii/trénovanym chirurgem v onkogynekolo-

gické operativé

Procento pacientek s poc¢atecnim stadiem, které podstoupi Gspésné mini invazivni operacni vykon

Procento pacientek s BMI > 35 s GispéSnym mini invazivnim opera¢nim vykonem

Procento konverzi mini invazivnich operaci na laparotomie

Peroperaéni poranéni organti

Provedeni stagingu lymfatickych uzlin u pacientek s predpokladem pocatecnich stadii (I-11)
s high-intermediate nebo high risk charakteristikami

Procento biopsii sentinelovych uzlin u pacientek podstupujicich staging lymfatickych uzlin

Pocet biopsii sentinelové uzliny provedenych (nebo supervize) onkogynekologem za rok

Procento pfipadi s intracervikalni aplikaci indocyanové zelené

Proporce high-intermediate/high risk pacientek se stranové specifickou dokonéenou panevni

lymfadenektomii v pfipadé selhani detekce sentinelové uzliny

Procento pfipad vysetfenych metodou ultrastagingu sentinelové uzliny

Uspésnost bilateralni detekce sentinelové uzliny

Procento kompletni makroskopické resekce s kurativhim zamérem u pacientek s primarné
pokrocilym karcinomem endometria (stadium Il1-1V)

227 pacientek S BMI > 35

10 pacientek stadia I-1l s high-intermediate/high risk charakteristikami predoperaéné
“pouze jedna pacientka predoperacné high-intermediate/high risk, kde selhala SNB
d¢tyfi pacientky ve stadiu lll-IV s primarné kurativnim zamérem operaéniho vykonu
BMI - body mass index, GPK FN - Gynekologicko-porodnicka klinika Fakultni nemocnice, ESGO - European Society of Gynecologic Oncology,

SNB - biopsie sentinelové uzliny

Z analyzy vysledkl desetiletého ob-
dobi na nasi klinice jasné vyplyva vze-
stupny trend laparoskopickych operac-
nich technik doprovéazeny mensi krevni
ztratou, snizenim peropera¢nich kom-
plikaci a zkracenim doby hospitalizace.
Nejnovéjsi evropskd doporuceni jed-
noznacné tento trend propaguji. Dle
ESGO kritérii indikator kvality ope-
racni lécby karcinomu endometria je
vyzadovano minimalné 60 %, ale opti-
malné > 80 % operaci provést miniinva-
zivné [5]. Dulezité je Uspésné zvladnuti
téchto technik i u obéznich pacientek,
kde muze tento faktor vyrazné ovliv-
nit pooperacni hojeni rany a morbiditu.
V roce 2021 jsme operacné lécili 27 pa-
cientek s BMI > 35kg/m?, z nich 88 %

podstoupilo Uspésné laparoskopicky
vykon.

Aktuélné preferovanym vykonem je
SNB, doporucuje se provadét az u 90 %
pacientek podstupujicich staging lymfa-
tickych uzlin [5]. Metodou volby je intra-
cervikalni aplikace ICG. S nastupem této
techniky a s navysenim poctu stagingli
lymfatickych uzlin doslo celkové k pro-
dlouzeni primérného ¢asu operacniho
vykonu. Nicméné SNB jako alternativa
systematické aortopelvické lymfadenek-
tomie je vykon vyrazné kratsi.

Se vzrustajici oblibou miniinvazivniho
operovani se do popredi vykonl na nasi
klinice dostala technika TLH s vyuzitim
délozniho manipuldtoru a s naslednou
laparoskopickou suturou posevniho pa-

< Realita
SlcletesO GPK FN Brno 2021
optimalné = 90 86
minimalné = 50
optimalné > 80
iy 74
minimalné = 50
295 % 97 %
optimalné > 80 % o
minimalné 60 % &%
> 60 % 88 %*
<10% 1,50 %
<2% 2,70 %
>85% 80 %°
90 % 91 %
=20 22-35
>95% 100 %
>90 % 100 %¢
=99 % 100 %
>75% 78 %
275% 75 %

hylu. Byt je laparoskopické operovani
v evropskych guidelines silné podporo-
véno, diskuze ohledné onkologické bez-
pecnosti pfi pouziti délozniho mani-
puldtoru u karcinomu endometria zde
chybi, publikované retrospektivni studie
maji nékdy i protichtidné zavéry. Ucella
et al [10] prezentovali multicentrickou
retrospektivni studii, v niz u 951 pacien-
tek neprokazalizvysené riziko recidivy ve
sledovaném obdobi (median 46 mésic)
v pfipadech s manipuldtorem (13,5 %)
a bez néj (11,6 %). Také celkové preziti
(OS - overall survival), specifické preziti
(DSS - disease specific survival) a pre-
Ziti bez onemocnéni (DFS - disease free
survival) byla srovnatelnd. Tyto vysledky
podporuji i zavéry metaanalyzy publiko-
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vané v roce 2020, kterd zahrnuje 11 stu-
dii a ukazuje, ze uziti délozniho mani-
pulatoru neni asociovéno s pozitivni
peritonedlni cytologii, vy$sim vyskytem
lymfangioinvaze (LVSI - lymphovascular
space invasion) nebo recidivy u pacien-
tek sEC[11].

Prekvapivé vysledky pfindsi retrospek-
tivni multicentrickd studie zahrnujici
2661 zen z 15 center ve Spanélsku [12].
Vyskyt recidivy u pacientek s pouzitim
manipuldtoru (11,7 %) a bez néj (7,4 %)
byl signifikantni (p < 0,001), autofi do-
porucuji prospektivni studie k potvrzeni
vysledkd.

Naopak nejnovéjsi prospektivni ran-
domizovana studie z Italie, kde bylo za-
fazeno 154 pacientek v pocatecnim
stadiu EC, opét podporuje nézory na on-
kologickou bezpecnost pfi pouziti mani-
puldtoru [13]. V obou sledovanych sku-
pinach nebyl rozdil ve vyskytu recidivy
(7,9vs. 5,2 %; p=0,486).

V kazdém pripadé je s vyhodou u karci-
nomu endometria vyuzivat manipulator
s uchycenim ¢ipku na bazi americkych
klesti, bez vrutu, ktery by mechanicky
hmozdil délozni hrdlo. Pfipadné Ize pou-
Zit samostatné keramickou ¢ast manipu-
latoru k distenzi posevni klenby.

U karcinomu endometria doslo v po-
slednich letech k dramatickému odklonu
od provadéni systematické panevni
a paraaortélni lymfadenektomie a jako
stagingovd metoda je nahrazovana SNB.
Kurativni vyznam lymfadenektomie je
kontroverzni, tykd se zejména debul-
kingu pfi makroskopicky zvétsenych uz-
lindch. Se zavadénim molekularni klasi-
fikace vsak dochazi k retrospektivnim
re-analyzam velkych kohort pacientek
s jasné definovanou pooperacni lé¢bou

a prezitim a jejich preklasifikovani do ri-
zikovych skupin. Zde by mohl byt pro-
stor pro znovunalezeni vyznamu u né-
kterého subtypu. Nebo je tento vykon
u ECjiz zcela prekonan? Otdzkou téz zG-
stava, jakd bude pfi sou¢asném trendu
kompetence mladé generace onkogy-
nekologl stran operovani v retroperito-
neu a s tim souvisejici feseni komplikaci
v této oblasti.

Méli bychom (vzhledem k miniinva-
zivité vykonu, malému mnozstvi per-
operacnich komplikaci a naopak vel-
kému informaénimu pfinosu) provadét
detekci a biopsii sentinelovych uzlin
u vsech pacientek, nebo jen od urci-
tého rizika? Vzhledem k elevaci poctu
ultrastagingem vysetfenych sentinelo-
vych uzlin by mohl vzniknout jiz dosta-
tecné velky soubor pfipadi s ITC a my se
snad diky multicentrickym retrospektiv-
nim studiim dozvime prognostickych vy-
znam tohoto nalezu, ktery je u EC zatim
neznamy.

Vysledky Onkogynekologického cen-
tra Gynekologicko-porodnické kliniky
FN Brno splnuji pozadavky ESGO kri-
térii indikatort kvality operacni 1écby,
které jsou komplexnim nastrojem k hod-
noceni evropskych onkogynekologic-
kych center. Dle aktudlnich poznatku Ize
operaci pacientky s karcinomem endo-
metria doporucit jen v onkogynekolo-
gickych centrech s dostupnosti metody
detekce sentinelové uzliny s jednoznac-
nou preferenci vyuziti intracervikalni ap-
likace ICG.

Zaveér

Pristup k operacni |écbé a stagingu lym-
fatickych uzlin u karcinomu endometria
se za posledni dekddu vyrazné promé-

nil. Lymfadenektomie ztratila svuj ku-
rativni vyznam a jako stagingova me-
toda byla vytlacena detekci sentinelové
uzliny. Dliraz je aktualné kladen na mi-
niinvazivitu vykonu, kterd je povazo-
vana za dulezity indikator kvality ope-
racni [é¢by. Snizila se prGmérna krevni
ztrata, délka hospitalizace a operacni
komplikace na ukor prodlouzeni ope-
ra¢niho casu pfi SNB u téch pripadd, kde
by v minulosti staging uzlin proveden
nebyl.
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5.2 Bretova P, Minar L, Ovesna P, Weinberger V, Felsinger M, Koblizkova M,
Hausnerova J, Jandakova E, Stupkova T. Predictors for sentinel lymph node
mapping failure using indocyanine green injection in apparent early stages
of endometrial cancer: A single-center prospective study. International

Journal of Gynecology & Obstetrics. 2025; 2025;170:1214-1224.

Immediately after introducing sentinel node biopsy into clinical practice in our
department, we conducted a prospective single-center study to identify predictive
factors associated with the failure of sentinel lymph node mapping using intracervical

injection of ICG in patients with apparently early-stage endometrial cancer.

Between June 2019 and August 2023, we prospectively enrolled 225 patients with
histologically confirmed EC classified as FIGO stage I-II. All participants underwent
SLN mapping as part of surgical staging, strictly following ESGO/ESTRO/ESP
guidelines. The technique involved standardized intracervical injection of ICG at 3 and
9 o’clock positions, with sentinel nodes identified using near-infrared fluorescence
imaging and assessed via ultrastaging. We excluded patients with advanced disease or
enlarged lymph nodes, thus focusing exclusively on patients eligible for SNB per

current European recommendations.

The overall detection rate was 90%, with bilateral mapping success achieved in 79%
of cases. Bilateral or unilateral mapping failure was observed in 21% of patients. Our
multivariable logistic regression analysis revealed that higher BMI and the presence of
uterine myomas were independent predictors of overall mapping failure. When
focusing on bilateral mapping failure specifically, both higher BMI and older age were

confirmed as significant independent risk factors.

Importantly, histopathological features (including tumor type, grade, molecular
classification, and lymphovascular space invasion) did not significantly influence
mapping success. Furthermore, prior pelvic surgery and adhesiolysis were not
associated with failure in our cohort. Notably, all sentinel nodes containing
macrometastases were successfully identified and resected, confirming the

technique’s reliability in appropriately selected cases.
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Our study underlines the importance of meticulous patient selection, precise ICG
application techniques, and preoperative exclusion of advanced disease to maximize
the success rate of sentinel node mapping. In conclusion, age, BMI, and uterine myomas
should be considered in surgical planning, and further multicenter research is

warranted to validate these findings and refine patient stratification strategies.

The study entitled "Predictors for Sentinel Lymph Node Mapping Failure Using
Indocyanine Green Injection in Apparent Early Stages of Endometrial Cancer: A Single-
center Prospective Study” was published in the International Journal of Gynecology &

Obstetrics (IF 2.6, Q2) in 2025.

Author’s contribution: first author, conceptualization, data curation, project

administration, manuscript writing - original draft.
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Abstract

Objective: The current study aimed to analyze predictive factors of sentinel lymph
node mapping failure in apparently early stages of endometrial cancer using intracer-
vical indocyanine green injection.

Methods: A single-center prospective study was conducted between June 2019 and
August 2023 at the Department of Gynecology and Obstetrics, University Hospital
Brno, Czech Republic. All patients with apparently early stage (I or Il according to
FIGO [International Federation of Gynecology & Obstetrics] 2009) endometrial can-
cer, who were indicated for sentinel node biopsy were consecutively included. The
injection of 4-6 mL of indocyanine green was applied superficially and deeply into
cervical tissue at the 3- and 9-o'clock positions. Patients' clinical data, surgical charac-
teristics, and histopathological information were recorded. Univariable and multivari-
able regression analyses were applied.

Results: A total of 225 patients were eligible during the study period. Considering bilat-
eral and unilateral failed mapping together, the only statistically significant factors for
risk of failure in univariable analysis were body mass index (BMI; P=0.036), FIGO 2009
stage (P=0.019), and the presence of a myoma (P=0.017). Nevertheless, when the mul-
tivariable logistic regression analysis was applied, all factors became statistically insignifi-
cant except for myoma (P=0.031). Regarding only bilateral mapping failure, in univariable
analysis, BMI (P=0.021) and FIGO 2009 stage (P=0.046) were significant predictors of
failure. Interestingly, multivariable logistic regression analysis revealed that in addition
to BMI (P=0.007), age (P=0.004) was also an independent predictor of bilateral failure.
Conclusions: Higher BMI and age were statistically significant independent factors
for bilateral sentinel node mapping failure in early-stage endometrial cancer.

KEYWORDS
biopsy, endometrial cancer, myomas, obesity, sentinel lymph node
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1 | INTRODUCTION strategies. A recent meta-analysis by Raffone et al. included only six

Sentinel node biopsy (SNB) has become the leading lymph node
surgical staging method in endometrial cancer (EC) in recent years.
Initially, only low-risk and intermediate-risk patients underwent
SNB; however, according to the guidelines of the European Society
of Gynecological Oncology (ESGO), the European Society for
Radiotherapy and Oncology (ESTRO), and the European Society of
Pathology (ESP), SNB is now an acceptable alternative to system-
atic lymphadenectomy, even for women with high-intermediate and
high-risk early stage (I or Il) EC.! Furthermore, according to ESGO
quality indicators for the surgical treatment of EC, SNBs should
be performed in 90% of patients undergoing lymph node staging‘2
Side-specific pelvic lymphadenectomy should be provided in cases
of SNB failure, and debulking of enlarged lymph nodes is performed
regardless of mapping‘1

In addition to reducing postoperative morbidity associated with
systematic Iymphadenectomy,3 SNB allows more precise patholog-
ical assessment and detection of low-volume metastases: microme-
tastasis and isolated tumor cells (ITCs), which could be missed by
standard histological evaluation of multiple lymph nodes.*

The use of indocyanine green (ICG) has significantly improved
the accuracy of sentinel lymph node (SLN) detection, supplement-
ing the traditionally used technetium (Tc99) and blue dyes. Bilateral
detection using intracervical injection of ICG achieves a 78%-85%
success rate.>™®

The importance of successful bilateral SLN mapping is indis-
putable; however, there are still only a few studies focusing on
risk factors of SNB failure in EC using intracervical ICG injection.
Understanding these factors is crucial for surgerical planning

Total number of EC cases
1/6/2019 - 31/8/2023
N =405

|

Cases with EC from
preoperative biopsy
N =361

I

Study cohort
undergoing SNB

/ N =225 \

\

studies.’ They identified ICG <3mL, FIGO (International Federation
of Gynecology & Obstetrics) stage Ill or IV, enlarged lymph nodes,
and lymph node involvement as significant predictive factors of SLN
mapping failure.

As SNB is now the leading surgical staging method, we believe
it is important to understand the main limitations of the procedure.
Our study aimed to analyze predictive factors of SLN mapping fail-
ure in apparently early stages of EC using intracervical ICG injection
while excluding already known risk factors, which could be elimi-
nated (enlarged lymph nodes, advanced disease, ICG <3mL). We
analyzed both bilateral and unilateral mapping failure to determine
whether there are factors that might have a local or systemic impact
on SLN detection success.

2 | MATERIALS AND METHODS

2.1 | Patient cohort and data collection

The prospective study took place at the Department of Gynecology
and Obstetrics, University Hospital Brno between June 2019 and
August 2023. All patients with apparently early stage of EC (FIGO
stage | or ll) indicated by the Multidisciplinary Oncogynecologic
Tumor Board of University Hospital Brno for surgical treatment
with SNB (according to ESGO/ESTRO/ESP! recommendations) were
consecutively included. Patients with suspicion of advanced disease
(FIGO stage Ill or IV), cancer duplicity, and those deemed unsuitable
for surgical treatment were excluded (Figure 1). Data were collected
from an institutional database and surgical and histological reports.

Cases diagnosed with EC after
hysterectomy for other reason
N=44

™~

Excluded (N = 136):

- Apparently advanced stages (stage Ill-IV) of EC
>0Only biopsy + non-surgical treatment (N = 41)
= Debulking surgery or systemic

lymphadenectomy (N = 32)

- Suspicion of cancer duplicity (N = 6)

- Patients indicated for surgical treatment
without LN staging due to comorbidities and
poor PS (N =57)

Bilaterally Unilaterally Failed
successful successful mapping
N=178 N=25 N=22

EC = endometrial cancer, SNB = sentinel node biopsy,
LN = lymph node, PS = performance status

FIGURE 1 Flowchart describing the study population. EC, endometrial cancer; LN, lymph node; PS, performance status; SNB, sentinel

node biopsy.
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TABLE 1 Clinical and histopathological characteristics.

Characteristic Overall, N=225 Bilateral success, N=178 Failure, N=47
Age (years)

Mean (SD) 65 (10) 64 (10) 66 (9)

Median (IQR) 65 (58-72) 65 (58-72) 65 (61-73)
BMI

Mean (SD) 32(6) 31(6) 34(7)

Median (IQR) 32 (28-36) 31 (27-36) 33(29-37)
Cone biopsy 13 (100.0%) 11 (84.6%) 2(15.4%)
Myomectomy 2 (100.0%) 2 (100.0%) 0(0.0%)
Cesarean section 24 (100.0%) 17 (70.8%) 7 (29.2%)
Adnexal surgery 18 (100.0%) 14 (77.8%) 4(22.2%)
Retroperitoneal surgery 0 (NA) 0 (NA%) 0 (NA)
Previous pelvic radiotherapy 0 (NA) 0 (NA%) 0 (NA)
Previous chemotherapy 3(100.0%) 2(66.7%) 1(33.3%)
Histotype

Endometrioid (including mucinous) 211 (100.0%) 168 (79.6%) 43 (20.4%)

Nonendometrioid 14 (100.0%) 10 (71.4%) 4 (28.6%)
Grade

Low grade (grade 1 or 2) 189 (100.0%) 149 (78.8%) 40 (21.2%)

High grade (grade 3) 36 (100.0%) 29 (80.6%) 7 (19.4%)
Myometrial infiltration

<50% 173 (100.0%) 136 (78.6%) 37 (21.4%)

250% 52 (100.0%) 42 (80.8%) 10 (19.2%)
Cervical involvement 32(100.0%) 27 (84.4%) 5(15.6%)
Tumor size

<2cm 115 (100.0%) 105 (91.3%) 10 (8.7%)

22cm 110 (100.0%) 98 (89.1%) 12 (10.9%)
Tumor localization

Uterine fundus 192 (100.0%) 176 (91.7%) 16 (8.3%)

Lower uterine segment 16 (100.0%) 14 (87.5%) 2(12.5%)

Uterine fundus +lower segment 17 (100.0%) 13 (76.5%) 4(23.5%)
FIGO 2009 stage

1A 153 (100.0%) 119 (77.8%) 34(22.2%)

1B 23 (100.0%) 18 (78.3%) 5(21.7%)

1l 19 (100.0%) 16 (84.2%) 3(15.8%)

A 8(100.0%) 5(62.5%) 3(37.5%)

1B 3(100.0%) 1(33.3%) 2(66.7%)

e 19 (100.0%) 19 (100.0%) 0(0.0%)
FIGO 2009 stage

Local disease (IA to Il) 195 (100.0%) 153 (78.5%) 42 (21.5%)

Advanced disease (IllA to [1IC) 30 (100.0%) 25(83.3%) 5(16.7%)
LVvSI

No 144 (100.0%) 112 (77.8%) 32 (22.2%)

Focal 45 (100.0%) 35 (77.8%) 10 (22.2%)

Substantial 36 (100.0%) 31(86.1%) 5(13.9%)
MELF 33(100.0%) 26 (78.8%) 7(21.2%)
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TABLE 1 (Continued)
Characteristic Overall, N=225

Uterine length

Mean (SD) 84 (18)
Median (IQR) 80 (70-90)
Myoma 104 (100.0%)
Adenomyosis 50 (100.0%)
Molecular classification
Unknown 66 (100.0%)
POLEmut 2(100.0%)
MMRd 54 (100.0%)
NSMP 89 (100.0%)
p53mut 14 (100.0%)
Prognostic risk group
Low 126 (100.0%)
Intermediate 31(100.0%)
High-intermediate 30 (100.0%)
High 38 (100.0%)

R o) 1217
R 1L

Bilateral success, N=178 Failure, N=47
84 (17) 82(23)
80 (70-90) 80 (70-90)
75 (72.1%) 29 (27.9%)
36 (72.0%) 14 (28.0%)
46 (69.7%) 20 (30.3%)
2(100.0%) 0(0.0%)
45 (83.3%) 9 (16.7%)
76 (85.4%) 13 (14.6%)
9 (64.3%) 5(35.7%)
99 (78.6%) 27 (21.4%)
24 (77.4%) 7(22.6%)
24 (80.0%) 6(20.0%)
31 (81.6%) 7 (18.4%)

Note: Values are expressed as number (percentage) unless otherwise indicated.

Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology & Obstetrics; IQR, interquartile range; LVSI, lymphovascular
space invasion; MELF, microcystic, elongated, and fragmented; MMRd, mismatch repair deficient; NSMP, nonspecific molecular profile; p53mut, p53
mutated; POLEmut, polymerase-e-mutated/ultramutated; SD, standard deviation.

Informed consent to use their clinical and histopathological data was
obtained from all patients included in the study. The study was ap-
proved by the University Hospital Brno Ethics Committee (approval
number 02-190122/EK).

Patient characteristics included age, body mass index (BMI),
previous cervical and pelvic surgery (cone biopsy, myomectomy, ce-
sarean section, adnexal surgery, retroperitoneal surgery), previous
pelvic radiotherapy, and previous chemotherapy. Surgical charac-
teristics recorded were approach (laparoscopic/open), adhesiolysis,
length of surgery, blood loss, SLN mapping success (bilateral/unilat-
eral/failure), and surgical and postoperative complications (periop-
erative bleeding, large vessels/nervous/ureter injury, postoperative
lymphocyst/lymphoedema). Histopathological data reported were
tumor histotype and grade, molecular classification, myometrial
infiltration, cervical involvement, tumor localization and size, FIGO
2009 stage, lymphovascular space invasion (LVSI) status (absence/
focal/substantial), microcystic, elongated, and fragmented (MELF)
type of invasion, uterine length, presence of myomas/adenomyosis,
number of SLN removed, and SLN status (negative/macrometastasis/
micrometastasis/ITC).

2.2 | Preoperative staging

The preoperative staging procedure in histologically proven EC
contained a gynecological clinical examination, transvaginal and
transabdominal gynecologic ultrasound performed by expert ultra-
sonographers, and a chest-abdominal-pelvis computed tomography

150

scan. Preoperative procedures focused on both the local spread of the
disease and discovering lymph node metastases or distant metastases,
which would be a criterion for the patient's exclusion from the study.

2.3 | Surgical procedure

Surgeries were performed by two groups of surgeons with differ-
ent levels of experience. Advanced surgeons were defined as certi-
fied gynecologic oncologists with years of surgical experience, while
trainees were fellows in gynecologic oncology working under the
supervision of advanced surgeons. All of the surgeons followed the
same protocol: 4-6 mL of ICG (1.25mg/mL) were injected intracervi-
cally immediately before surgery in an operating theater. We used
the technique of superficial (3-5mm) and deep (10-20mm) appli-
cation into cervical tissue at the 3- and 9-o'clock positions. In the
situation of no cervical involvement, a uterine manipulator was in-
serted. Sentinel nodes were searched in the retroperitoneum using
the Pinpoint Fluorescence Imaging System (Novadaq) endoscopically
or by portable handheld imager in case of primary open surgery or
conversion into laparotomy. Removed SLNs were sent to definitive
histopathological ultrastaging without perioperative frozen section.
Reinjection of ICG was performed in cases of fluorescent signal ab-
sence inthe retroperitoneal space. The surgery continued with stand-
ard extrafascial hysterectomy and bilateral salpingo-oophorectomy.
Any macroscopically enlarged nodes (>2cm) were removed as part
of debulking regardless of mapping. Complete or side-specific pel-
vic lymph node dissection was added in cases of mapping failure,
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TABLE 2 Univariable analysis: Bilateral or unilateral failure.

Characteristic

Surgeon's experience
Advanced surgeon
Trainee

Age (years)

BMI

Cone biopsy
No
Yes

Myomectomy
No
Yes

Cesarean section
No
Yes

Adnexal surgery
No
Yes

Previous chemotherapy
No
Yes

Histotype

Endometrioid (including
mucinous)

Nonendometrioid
Grade
Low grade (grade 1 or 2)
High grade (grade 3)
Myometrium infiltration
<50%
250%
Cervical involvement
No
Yes
Tumor size
<2cm
22cm
Tumor localization
Uterine fundus
Lower uterine segment

Uterine fundus +lower
segment

FIGO 2009 stage

No. of patients

179

46
225
225

212
13

223

201

24

207
18

222

211

14

189
36

173
52

193
32

115
110

192
16
17

153
23
19

BRETOVA €T AL.

No. of failures OR 95% ClI Pvalue

39 - - 0.506
8 0.76 0.31-1.68

47 1.03 0.99-1.06 0.141

47 1.06 1.00-1.11 0.036

45 - - 0.603
2 0.67 0.10-2.63

47 - - 0.332
0 0.00

40 - - 0.309
7 1.66 0.61-4.13

43 - - 0.885
4 1.09 0.30-3.22

46 - - 0.614
al 191 0.09-20.4

43 - - 0.481
4 1.56 0.41-4.92

40 - - 0.815
7 0.90 0.34-2.10

37 - - 0.735

10 0.88 0.38-1.85

42 - - 0.415
5 0.67 0.22-1.70

22 - - 0.507

25 1.24 0.65-2.38

36 - - 0.118

1.44 0.39-4.42

7/ 3.03 1.04-8.45

34 - - 0.019
5 097 0.30-2.65
3 0.66 0.15-2.12
3 2.10 0.41-9.00
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TABLE 2 (Continued)

Characteristic No. of patients No. of failures OR 95% ClI Pvalue
B 3 2 7.00 0.65-153
nc 19 0 0.00

FIGO 2009 stage
Local disease (IA to II) 195 42 - - 0.532
Advanced disease (A to 30 5 0.73 0.23-1.88
1C)

LvsI
No 144 32 - - 0.503
Focal 45 10 1.00 0.43-2.18
Substantial 36 5 0.56 0.18-1.46

MELF
No 192 40 - - 0.961
Yes 33 7 1.02 0.39-2.42

Uterine length 225 47 1.0 0.98-1.01 0.566

Myoma
No 121 18 - - 0.017
Yes 104 29 221 1.15-4.34

Adenomyosis
No 175 33 - - 0.171
Yes 50 14 1.67 0.79-3.41

Molecular classification
NSMP 89 13 - - 0.267
MMRd 54 & 4.17 0.45-2.93
p53mut 14 3.25 0.88-11.1
POLEmut 2 0 0.00

Prognostic risk group
Low 126 27 - - 0.972
Intermediate 31 1.07 0.39-2.65
High-intermediate 30 0.92 0.31-2.35
High 38 0.83 0.31-2.00

Approach
Laparoscopy 202 39 - - 0.102
Laparotomy 23 8 2523 0.85-5.52

Adhesiolysis
No 163 32 - - 0.457
Yes 62 15 131 0.64-2.59

Note: Bold values represent significance of p<0.05.

Abbreviations: BMI, body mass index; Cl, confidence interval; FIGO, International Federation of Gynecology & Obstetrics; LVSI, lymphovascular
space invasion; MELF, microcystic, elongated, and fragmented; MMRd, mismatch repair deficient; NSMP, nonspecific molecular profile; OR, odds

ratio; p53mut, p53 mutated; POLEmut, polymerase-e-mutated/ultramutated.

providing the patient had preoperatively high-intermediate or high-
risk disease according to ESGO/ESTRO/ESP guidelines.!

2.4 | Histopathological evaluation

All SLNs were fixed in 10% buffered formalin, sliced at 2-mm
lamellas, embedded in paraffin, and further examined by
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ultrastaging protocol. This protocol consists of 4-um-thick con-
secutive sections: two stained with hematoxylin-eosin and cy-
tokeratins (AE1/AE3), followed by two additional sections stained
with hematoxylin-eosin obtained at regular 200-pm intervals. This
sequence of sections continued until there was no lymph node
tissue left. We classified lymph nodes as follows: negative, ITCs
(<0.2mm or single cells/clusters of cells <200 cells in a single SLN
cross-section), micrometastasis (0.2-2mm), and macrometastasis
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(>2mm). Histopathological examination of tumor tissue and
molecular testing were performed following national and interna-

tional guidelines.l'10

2.5 | Statistical analysis

Standard descriptive statistics were used to describe the cohort:
mean, standard deviation (SD), median, and interquartile range (IQR)
for continuous variables, and absolute and relative frequencies for
categorical variables. Comparisons of variables between the two
groups (bilateral success vs. any failure, and bilateral failure vs. any
success, respectively) were performed using the Mann-Whitney
test and Fisher test, respectively.

Univariable and then multivariable logistic models were created
to estimate the risk of SNB mapping failure. Any of the covariates
that were statistically significant in the univariable model (P<0.10)
and clinically important factors were initially considered for inclu-
sion in the multivariable model. Variable selection was performed
using a backward stepwise approach based on Akaike Information
Criterion minimization to optimize model fit while avoiding overfit-
ting. The risk of failure was quantified by odds ratios (ORs) with 95%
confidence intervals (Cls). Any failure (bilateral or unilateral) and ex-
clusively bilateral failure were modeled. Analyses were performed in
R software version 4.3.2 (R Foundation for Statistical Computing),
models were conducted using the Ime4 package. The significance
level was set at 5%.

3 | RESULTS

During the study period, 405 patients were diagnosed with EC at
our institution. Ultimately, a total of 225 patients met the eligibility
criteria (Figure 1). The median patient age was 65 years, and BMI was
32kg/m? (Table 1).

Most of the surgeries were laparoscopic (90%) and performed by
advanced surgeons (80%). The median surgery length was 115min
and blood loss was 50 mL. Adhesiolysis was necessary in 28% of
cases. Severe perioperative complications occurred in <2% of cases
(major vessel injury, excessive bleeding requiring conversion to lapa-
rotomy, nerve injury, and ureter injury). Postoperative complications
in <1%, with two cases of lymphocyst—one following SNB and the
other after side-specific pelvic lymphadenectomy.

The overall detection rate was 90%. Bilateral success was
achieved in 178 cases (79%), while unilateral success was observed
in 25 cases (11%). Mapping failure was observed in 22 cases (10%).

The median number of removed SLNs in bilaterally successful
procedures was three nodes. The final lymph node status was as
follows: 170 negative, 14 isolated tumor cells, 12 micrometastases,
and seven macrometastases. Five side-specific pelvic lymphadenec-
tomies were oerformed in preoperatively high-intermediate and
high-risk cases with SNB failure. Overall, 22 cases lacked lymph
node staging.

3.1 | Bilateral or unilateral failure

Considering both bilateral and unilateral failed mapping together
(N=47, at least unilateral failures), higher BMI (P=0.036), advanced
FIGO 2009 stage (P=0.019), and the presence of amyoma (P=0.017)
were the only statistically significant factors for mapping failure in
univariable analysis. Other clinical and histopathological character-
istics had minimal or no influence (Table 2).

However, when multivariable logistic regression analysis was ap-
plied, only the presence of a myoma retained statistical significance
(OR, 2.08 [95% ClI, 1.08-4.11], P=0.031), while the others became
statistically insignificant (Table 3).

3.2 | Bilateral failure only

Regarding bilateral SNB failures (N=22), univariable analysis identi-
fied BMI (P=0.021) and FIGO 2009 stage (P=0.046) as significant
factors affecting success (Table 4). Interestingly, multivariable logis-
tic regression analysis revealed that, in addition to BMI (OR, 1.11
[95% ClI, 1.03-1.2], P=0.007), age (OR, 1.09 [95% CI, 1.03-1.17],
P=0.008) was also an independent predictor of bilateral SNB failure
(Table 5).

4 | DISCUSSION

Currently, SLN biopsy using intracervical ICG injection is a stand-
ard procedure in EC surgical staging. However, the reasons for failed
mapping are still not satisfactorily defined, because of the heteroge-
neity of the published studies' design and results. The most signifi-
cant risk factors for bilateral failure in our analysis of 225 surgeries
were BMI and age.

Our overall (90%) and bilateral (79%) detection rate was similar
to other studies, despite including all possible failure cases (failed
ICG migration, diffuse smearing of the ICG, and no evidence of nodal
tissue on final pathology) and not excluding initial SNB attempts as
part of the learning curve of each surgeon. Some of these were omit-
ted in other studies, which could have affected their success rate 811

Obesity is one of the most debated potential risk factors for SNB
failure. Eriksson et al. studied 472 patients undergoing robotic surgery
using ICG or blue dye and demonstrated that successful mapping de-
creases with increasing BMI (irrespective of the dye used). However,

TABLE 3 Multivariable analysis: Bilateral or unilateral failure.

Characteristic OR 95% CI Pvalue
BMI 1.05 1.00-1.11 0.067
Myoma
No - - 0.031
Yes 2.08 1.08-4.11

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds
ratio.
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TABLE 4 Univariable analysis: Bilateral failure only.

Characteristic No. of patients No. of bilateral failures OR 95% Cl P value

Surgeon's experience

Advanced surgeon 179 20 - - 0.131
Trainee 46 2 0.36 0.06-1.30
Age (years) 225 22 1.05 1.00-1.10 0.064
BMI 225 22 1.08 1.01-1.17 0.021
Cone biopsy
No 212 22 - - 0.097
Yes 13 0 0.00
Myomectomy
No 223 22 - - 0.520
Yes 2 0 0.00
Cesarean section
No 201 18 = = 0.264
Yes 24 4 2.03 0:55-6.12
Adnexal surgery
No 207 21 - - 0.500
Yes 18 1 0.52 0.03-2.75
Previous chemotherapy
No 222 21 - - 0.260
Yes 3 1 4.79 0.22-52.0
Histotype
Endometrioid (incl. mucinous) 211 21 - - 0.721
Non-endometrioid 14 1 0.70 0.04-3.77
Grade
Low grade (grade 1 or 2) 189 18 - - 0.772
High grade (grade 3) 36 4 1.19 0.33-3.44
Myometrial infiltration
<50% 173 18 - - 0.554
250% 52 4 0.72 0.20-2.03
Cervical involvement
No 193 20 - - 0.444
Yes 32 2 0.58 0.09-2.12
Tumor size
<2cm 115 10 - - 0.576
22cm 110 12 1.29 0.53-3.17
Tumor localization
Uterine fundus 192 16 - - 0.190
Lower uterine segment 16 2 57/ 0.23-6.32
Uterine fundus +lower segment 17 4 3.38 0.88-10.9
FIGO 2009 stage
1A 153 16 - - 0.046
1B 23 4 1.80 0.48-5.55
1] 19 0 0.00
A 2 2.85 0.40-13.6
1B 0 0.00
e 19 0 0.00
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TABLE 4 (Continued)

Characteristic No. of patients No. of bilateral failures OR 95% ClI Pvalue
FIGO 2009 stage
Local disease (1A or II) 195 20 - - 0.519
Advanced disease (IlIA or l1IC) 30 2 0.63 0.10-2.31
LvsI
No 144 16 - - 0.632
Focal 45 0.57 0.13-1.82
Substantial 36 0.73 0.16-2.35
MELF
No 192 18 - - 0.633
Yes 33 4 1:33 0.37-3.89
Uterine length 225 22 1.01 0.99-1.04 0.226
Myoma
No 121 9 - - 0.203
Yes 104 13 1.78 0.73-4.49
Adenomyosis
No 175 14 - - 0.111
Yes 50 8 249 0.83-5.47
Molecular classification
NSMP 89 6 - - 0.646
MMRd 54 6 1.73 0.51-5.82
P53mut 14 2 2.31 0.31-11.4
POLEmut 2 0 0.00
Prognostic risk group
Low 126 12 - - 0.921
Intermediate 31 141 0.37-4.41
High-intermediate 30 1.06 0.23-3.61
High 38 0.81 0.18-2.74
Approach
Laparoscopy 202 18 - - 0.231
Laprotomy 23 4 245 0.58-6.51
Adhesiolysis
No 163 15 - - 0.642
Yes 62 7 1.26 0.46-3.15

Note: Bold values represent significance of p <0.05.

Abbreviations: BMI, body mass index; Cl, confidence interval; FIGO, International Federation of Gynecology & Obstetrics; LVSI, lymphovascular
space invasion; MELF, microcystic, elongated, and fragmented; MMRd, mismatch repair deficient; NSMP, nonspecific molecular profile; OR, odds

ratio; p53mut, p53 mutated; POLEmut, Polymerase-e-mutated/ultramutated.

they did not identify a critical BMI cutoff at which the mapping rate
changes abruptly. Nevertheless, this finding has not been confirmed in
other series.!**? In our study, the higher BMI significantly affected only
bilateral mapping success in both univariable and multivariable analy-
ses. This may support the theory that increasing BMI could modify the
physiological pelvic lymphatic drainage by increasing vascular permea-
bility and causing interstitial edema®® or simply make it more difficult to
visualize lymphatic tissue due to the increased visceral adipose tissue.?

A similar hypothesis of increasing vascular permeability is considered
regarding older age.12 In our cohort, age was a significant risk factor for

bilateral mapping failure in multivariable analysis. Every additional year
was associated with a 10% higher risk of failure. However, together with
unilateral failure, age became statistically insignificant. This suggests
that age may affect lymphatic drainage systematically. Nonetheless,
other authors have not confirmed age as a significant factor.!*114
Considering possible local factors influencing mapping success,
the presence of a myoma (n=104, 46% of cases) was an interest-
ing finding in our study. Using univariable analysis, it was a signifi-
cant predictor (P=0.017) of overall failure and remained significant
in multiple regression analysis (P=0.031). Similar results were
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TABLE 5 Multivariable analysis: Bilateral failure only.

Characteristic OR 95% ClI P value
Age (years) 1.09 1.03-1.17 0.008
BMI 111 1.03-1.20 0.007

Note: Bold values represent significance of p <0.05.
Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds
ratio.

1.1> Depending on the localization and size

published by Sozzi et a
of the myoma, it may influence the physiological lymphatic uterine
drainage; however, further investigations are necessary to confirm
this theory. Histopathological characteristics (histology type, grade,
LVSI, molecular classification) had minimal or no influence in our
cases, in contrast with the study mentioned above. Using multivari-
ate analysis, the study by Sozzi et al. identified LVSI (OR, 2.4 [95% ClI,
1.04-1.12], P=0.003) and nonendometrioid histology (OR, 3.0 [95%
Cl, 1.43-6.29), P=0.004) as independent predictors of mapping fail-
ure.’® Nevertheless, other studies have confirmed our results and
report these factors as insignificant.!*121416

Although larger tumors, those with deep myometrial invasion, or
tumors extending into the lower uterine segment or cervical stroma
could potentially alter lymphatic drainage patterns, leading to atypical
sentinel node localization or mapping failure, this was not observed
in our study, nor in others.!*121 On the other hand, in a prospec-
tive study in which different methods of sentinel node mapping
(ultrasound-guided myometrial injection of radiotracer) were applied,
a tumor size <2cm was associated with a higher SLN preoperative
detection rate.”” Other studies focusing on factors that affect senti-
nel node localization are needed to explain this theory in more detail.

Advanced FIGO stage (lll or IV) and enlarged lymph nodes are
the most important risk factors for SNL mapping failure, as previ-
ously reported.1t1%1¢ A possible explanation for this is blocked
lymphatic flow and the presence of tumorous thrombi in cases with
high-volume metastases.'>'* Nevertheless, we did not prove this
in our current study, as we focused on preoperative staging to ex-
clude all cases with bulky lymph nodes and distant metastases, fully
adhering to the European guidelines for SNB indications.! As a re-
sult, there was no association between positive lymph node status
and mapping failure. Even in the case of macrometastasis, all seven
were successfully identified and removed. Additionally, there was
no FIGO |V stage in the final pathological statement. In conclusion,
ICG sentinel node mapping works well even in nodes with macrome-
tastases under conditions where enlarged lymph nodes are detected
preoperatively and excluded.

Previous pelvic surgeries (adnexal surgery: n=18 [8%]; myo-
mectomy: n=2 [1%]; cesarean section: n=24 [11%]) had no im-
pact on SLN mapping in our cohort as well as in other series.!"2
However, the main reason could be the absence of previous ret-
roperitoneal surgeries in our cases, in which the surgical dissec-
tion of the parametria could damage the physiological lymphatic
drainage.!? This might be an important factor in the future given
the increasing number of patients undergoing excessive surger-
ies due to deep infiltrative endometriosis. Another potential risk
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factor not proven in our study was lysis of adhesions. To elimi-
nate the potential adverse effect of adhesiolysis, this procedure
should be performed at the very beginning of surgery, before ICG
injection.!* Consequently, the patient's medical history is an inte-
gral part of surgery planning—not only the anamnesis of previous
pelvic operations but also any history of previous abdominal in-
flammatory diseases are crucial factors.

Regarding the surgical procedure, we used cervical grasping by
uterine manipulator immediately after the injection of ICG, except
in cases with suspicious cervical tumor infiltration. According to
a previous study, this practice has no impact on SLN detection.!’
Additionally, we avoided another risk factor by using an ICG dose of
4-6mL and performing reinjection in cases of failed ICG migration.
It has been shown that an ICG dose <3mL is associated with a higher
risk of mapping failure.”

We consider the strengths of our study to be its prospective
design and uniform surgical procedure. All surgeons followed the
same application protocol to minimize the surgeon's influence, which
was the only significant parameter for failure described by lanieri

et al.??

Nevertheless, those authors acknowledged that, although
all surgeons were experts in the field of gynecologic oncology, the
ICG procedure was not always performed by the same surgeon, but
rather by several gynecologic oncology fellows.

The study's limitations include its single-center design and nonran-
domized allocation of cases to surgeons, which followed clinical prac-
tice. Presuming that more difficult surgeries (especially those involving
patients who were morbidly obese or with a history of repeated surgi-
cal interventions) were predominantly assigned to more experienced
surgeons, this resulted in a higher detection rate in the trainees' group,
although this difference was not statistically significant.

5 | CONCLUSIONS

In our single-institution study, we showed that higher BMI and age
are statistically significant factors for bilateral mapping failure.
Additionally, the presence of a myoma was a significant local risk
factor for overall (unilateral or bilateral) failure. Precise preoperative
staging with the exclusion of inappropriate cases (bulky lymphad-
enopathy, distant metastases) is a crucial factor for SNB success.
For surgeons, it is important to eliminate potentially influenceable
factors by proper application technique (ICG >3mL), adequate tim-
ing of individual surgical steps (adhesiolysis, opening retroperitoneal
spaces), and careful visual or gentle palpation control of removed
tissue. Other studies, ideally multicentric, are needed to validate our
findings and help understand other potential risk factors for failure,
which could be eliminated and could further improve bilateral SLN
mapping outcomes.
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As members of the previously mentioned SENECA study (see Chapter 4.2), we also
contributed our data to a subanalysis focused on risk factors associated with sentinel
lymph node detection failure. However, it is important to note that this was a
retrospective subanalysis of a dataset originally compiled for different primary

objectives, which may have significantly influenced the study’s outcomes.

The SENECA study represents the most extensive dataset currently available for
investigating surgical and technical parameters influencing SLN detection. Detailed
clinical, surgical, histological, and molecular data were collected and analyzed using

univariate and multivariate methods.

Bilateral SLN detection was achieved in 82.7% of cases, with unilateral detection
observed in 97.3%. Five independent risk factors were identified as significantly
associated with unsuccessful bilateral SLN mapping: high-grade histology, deep
myometrial invasion, inexperienced surgeon (<20 cases/year), open surgical

approach, and use of non-ICG tracers.

In contrast to some previous studies, BMI and tracer volume were not associated with
mapping failure in our cohort. Notably, the use of ICG and minimally invasive surgery

were clearly linked to improved detection rates and reduced perioperative morbidity.

Furthermore, we confirmed that combining SLN biopsy with systematic pelvic or
paraaortic lymphadenectomy resulted in significantly higher complication rates,
longer operative time, and prolonged hospital stays. These findings underscore the

importance of using SLN biopsy as a standalone staging technique in eligible patients.

Our results support current guidelines emphasizing the use of ICG for SLN mapping
and recommend that procedures be conducted or supervised by surgeons performing
at least 20 endometrial cancer surgeries per year. These data also advocate for

structured training and centralization of care to ensure optimal outcomes.
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In conclusion, this study contributes important evidence to refine the implementation
of SLN biopsy in endometrial cancer, particularly in the context of surgical quality
assurance and guideline adherence. Further prospective and standardized studies are
needed to validate these findings and enhance surgical performance across diverse

clinical settings.

The study "Sentinel SENECA risk factors for unsuccessful bilateral sentinel lymph node
mapping in endometrial cancer” was published in the International Journal of

Gynecological Cancer (IF 4.5, Q1) in 2025.

The author’s contribution: data curation, manuscript writing - review and editing.
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ABSTRACT
Objective: Our study aims to assess the risk factors associated with bi-lateral sentinel
lymph node (SLN) mapping failure in endometrial cancer.

Methods: The SENECA study was a retrospective multi-center inteational observa-
tional study that reviewed data from 2139 women with clinical stage I-to-Il endometrial
cancer across 64 centers in 17 countries. Between January 2021 and December 2022,
patients underwent surgical treatment with SLN assessment, following the guidelines of
the European Society of Gynaecological Oncology. Risk factors associated with the
absence of bi-lateral mapping were analyzed using 2 and ¢ tests. All factors that showed
statistical associations were included in a multi-variate regression analysis.

Results: Among the 2139 patients, the bi-lateral lymph node detection rate was
82.7%, whereas the unilateral detection rate was 97.3%. In multi-variate analysis, 5 risk
factors remained statistically associated with unsuccessful bi-lateral lymph node map-
ping: high-grade histology (OR 1.35, 95% Cl 1.02 to 1.79, p=.03), myometrial invasion
>50% (OR 1.37, 95% Cl 1.07 to 1.75, p=.012), low-volume surgeon <20 cases/year
(OR 2.11, 95% Cl 1.55 t0 2.89, p<.01), open surgical approach (OR 1.72, 95% Cl 1.06 to
2.78 , p=.03), and non-indocyanine green tracer (OR 4.59, 95% Cl 2.64 to 7.99, p<.01).
The addition of bi-lateral pelvic lymphadenectomy and/or paraaortic lymphadenectomy to
SLN biopsy caused an increased rate of intra-operative complications (2% vs 8.4%,
p<.01) and all-grade post-operative complications (4.1% vs 11.2%, p<.01).

Conclusions: Our study identifies 5 risk factors associated with unsuccessful lymph
node mapping in endometrial cancer. Efforts should be made to perform this technique
with indocyanine green, through minimally invasive surgery, and performed or supervised
by an experienced surgeon with >20 endometrial cancer cases per year.

Keywords:
Endometrial Neoplasms; Sentinel Lymph Node
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WHAT IS ALREADY KNOWN ON THIS TOPIC
High detection rates and accurate staging are achieved
when sentinel lymph node biopsy is performed using a
standardized protocol. Previous studies have identified
risk factors for failed sentinel lymph node mapping, but
the findings have varied widely owing to differences in
study designs and methods.

WHAT THIS STUDY ADDS

This study represents the largest cohort of patients
published to date studying factors associated with failed
bi-lateral lymph node mapping in early-stage endome-
trial cancer, and identifies 5 key factors: high-grade
histology, myometrial invasion >50%, surgeons per-
forming <20 cases per year, open surgical approach,
and use of tracers other than indocyanine green (ICG).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

Future studies should focus on optimizing sentinel lymph
node biopsy techniques and standardizing surgical pro-
tocols to improve success rates in bi-lateral lymph node
mapping. Efforts should be made to perform this tech-
nique with ICG, through minimally invasive surgery, and
performed or supervised by an experienced surgeon with
>20 endometrial cancer cases per year.

* Correspondence to Dr Félix Boria, Hospital Universitario Nuestra Sefiora de la Candelaria, Crira. Gral. Del Rosario, 145, 38010 Santa Cruz de Tenerife, Spain; F.boria.a-

legre@gmail.com (F. Boria)
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1048-891X/© 2025 Published by Elsevier Inc. on behalf of European Society of Gynaecological Oncology and the International Gynecologic Cancer Society.
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INTRODUCTION

Endometrial cancer is the most common gynecologic malignancy in
high-income countries, with an estimated number of 420,242 new
cases and 97,704 deaths worldwide in 2022." Lymph node
involvement is a crucial prognostic indicator in patients with
endometrial carcinoma, influencing both the selection of thera-
peutic strategies and patient outcomes. In recent years, the tech-
nique of sentinel lymph node biopsy has gained increasing
popularity as a minimally invasive alternative to systematic lym-
phadenectomy, aiming to provide precise information about
lymphatic spread while reducing surgical morbidity. Prospective
clinical trials have confirmed the high sensitivity to detect lymph
node metastasis and the high negative predictive value using a
standardized sentinel lymph node (SLN) algorithm even in high-risk
endometrial cancer.”™

Although SLN biopsy holds promise, it is not infallible and can
occasionally fail to identify the SLN accurately. Understanding the
predictive factors associated with failed SLN mapping in patients
with endometrial carcinoma is imperative for refining the applica-
tion and efficacy of this technique. Several studies have examined
these factors, but much heterogeneity and disparity can be
observed among the results published in the literature.>'°

In 2023, to assess the rate of SLN involvement according to the
different molecular subtypes in patients with stage I-to-ll endo-
metrial cancer, the SENECA study'’ was established. With 2139
patients treated with hysterectomy and SLN biopsy and >200
variables related to surgery and lymph nodes assessment, it rep-
resents the largest database available to study factors associated
with SLN mapping nowadays.

The main objective of this study was to assess the risk factors
associated with the failure of lymph node mapping in a large cohort
of patients with early-stage endometrial cancer. The secondary
objective was to evaluate the impact of avoiding bi-lateral pelvic
and/or paraaortic lymphadenectomy.

METHODS

The retrospective multi-centric international observational study
reviewed data of patients diagnosed with early-stage (International
Federation of Gynecology and Obstetrics [FIGO] stage I-1l) endo-
metrial cancer who underwent surgery with lymph node evaluation
between January 2021 and December 2022, both included. All
factors previously described as possible risk factors for non-
sentinel mapping and factors related to SLN technique were
included in the SENECA database and were analyzed and retrieved.
High volume per surgeon was defined as >20 cases per year
following the European Society of Gynaecological Oncology (ESGO)
recommendations for quality indicators in endometrial cancer.'?
The study protocol was reviewed by the institutional review board
(IRB) of Clinica Universidad de Navarra (CUN 2022.195). Each
institution was responsible for obtaining its own IRB/European
Commission approval.

Patients were deemed eligible if all the following criteria were
met. aged >18 years; histologic confirmation of endometrial
cancer with endometrioid histology or high-risk histology (serous,
clear cell, carcinosarcoma, and mixed histologies); pre-operative
FIGO stage | or Il by magnetic resonance imaging (MRI) or ultra-
sound; and pre-operative computed tomography (CT) scan or

positron emission tomography-CT without evidence of local or
distant disease (could be omitted in low-risk and intermediate-risk
endometrial carcinoma with low-grade histology according to ESGO
guidelines). In addition, a detailed SLN study protocol had to be
accredited, either by ultra-staging or one-step nucleic acid ampli-
fication. Molecular analysis had to be performed on the pre-oper-
ative biopsy or hysterectomy specimen (polymerase epsilon
mutation analysis could be omitted in low-risk and intermediate-
risk endometrial carcinoma with low-grade histology according to
ESGO guidelines).

Patients were excluded if they were pregnant; if they underwent
previous hysterectomy and/or previous pelvic/paraaortic lympha-
denectomy; and in cases of presence of extra-uterine disease
(peritoneal, visceral, or suspicious lymph node metastasis) or
medical history of any invasive tumor, previous abdominal, or pelvic
radiotherapy of any type (including brachytherapy), and history of
pre-operative neoadjuvant chemotherapy.

Risk factors associated with the absence of bi-lateral mapping
(unilateral detection or no detection) were analyzed using %2 and ¢
tests, as appropriate. A receiver-operating characteristic (ROC)
curve was obtained with body mass index (BMI) to try to predict the
best cut-off point for failed bi-lateral mapping. All factors that
showed statistical associations were included in a multi-variate
regression analysis. A p<.05 was considered to indicate statistical
significance. Statistical analysis was performed using SPSS 27.0
(IBM SPSS Statistics).

In accordance with the journal’s guidelines, we will provide our
data for independent analysis by a team selected by the Editorial
Team for the purposes of additional data analysis or for the
reproducibility of this study in other centers if such is requested.

RESULTS

A total of 2139 patients were included in the study. The rate of bi-
lateral lymph node detection was 82.7%, whereas the rate of
unilateral detection was 97.3%. Mean age was 64.5 years
(standard deviation [SD] 10.80). Mean BMI was 30.2 kg/m? (SD
6.65). Clinical characteristics are listed in Table 1. The median
surgical time was 144 minutes (SD 68). The injection of the tracer
for SLN biopsy was most frequently performed by a senior sur-
geon, using indocyanine green (ICG) as the tracer with a con-
centration of 1.25 mg/mL, in a volume of 4 mL, and injected both
deeply and superficially at the 3 o’clock and 9 o’clock positions.
All the details regarding the SLN biopsy technique are listed in
Table 2.

A total of 319 patients (14.9%) underwent bi-lateral pelvic
lymphadenectomy and/or paraaortic lymphadenectomy in addition
to the SLN biopsy. When any of these procedures were added to
SLN biopsy, intra-operative complications and all-grade post-
operative complications increased from 2% to 8.4% (p<.01) and
from 4.1% to 11.2% (p<.01). Length of stay and duration of
surgery also increased from 2.6 to 3.8 days (p>.01) and from 133
to 207 minutes (p<.01).

All factors associated with failed bi-lateral detection in univariate
analysis are listed in Table 3. Data on BMI were available in 600
patients (28.1%). BMI was not associated as a continuous variable
to bi-lateral detection. A ROC curve was designed to determine the
best cut-off point for predicting bi-lateral detection. The area under
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Table 1 Baseline Characteristics of Study Participants Table 2 SLN Procedure Characteristics
Baseline characteristics N = 2139 SLNB characteristics N = 2139
Age mean/SD) 64.55 (10.80 Center caseload >20 cases/surg/y n (%

ge (y) ( ) ( ) gy n (%)

Body mass index (kg/mz) (mean/SD) 30.24 (6.65) <20 461 (21.6)
Surgery duration (min) (mean/SD) 144 (69.7) >20 1544 (72.2)
Not reported 134 (6.3)
Surgical approach n (%)
Nodes Approach n (%)
Laparoscopic 1432 (66.9) SLNB 1686 (78.8)
Roboti 594 (27.8 .
Ocr))e: = 113 25 3)) SLNB + PLND (only 1 pelvic side) 131 (6.1)
- - - SLNB + PLND (both pelvic sides) 188 (8.8)
Previous pelvic surgery n (%) SLNB + PLND (1 side) + PALND 7(0.3)
Yes 301 (14.1) SLNB + PLND (both sides) + PALND 115 (5.4)
No 1482 (69.3) SLNB + PALND 12 (0.6)
Not reported 356 (16.6) Tracer n (%)
Uterine manipulator n (%) ICG 1865 (87.2)
Yes 1147 (53.6) Radiocolloid and ICG 189 (8.8)
No 957 (44.7) Blue dye 74 (3.5)
Not reported 35 (1.6) Blue dye and ICG 5(0.2)

" Radiocolloid and blue dye 2 (0.1)
Histology 0(6) Not reported 4(0.2)
Endometrioid 1866 (87.2) o
e 129 6.0) Tracer volume n (%)

Mixed histology 63 (2.9) 4 cm® 1544 (72.2)
Carcinosarcoma 42 (2.0 2cm® 371 (17.3)
Clear cell 30 (1.4) 1cm® 90 (4.2)
Not reported 9 (0.4) Not reported 134 (6.3)
Grade n (%) ICG dilution n (%)
Low grade 1655 (77.4) 0.5 mg/mL 386 (18)
High grade 432 (20.2) 1.25 mg/mL 878 (41)
Not reported 52 (2.4) 2.5 mg/mL 622 (29.1)
Myometrial invasion n (%) ol 2449
S~ . o
No 1649 (77.1) Injection technique n (%)
Yes 479 (22.4) Superficial 3-9 159 (7.4)
Not reported 11 (0.5) Superficial and deep 3-9 1720 (80.4)
Cervical invasion n (%) Superficial 3-6-9-12 25(1.2)
Superficial and deep 3-6-9-12 185 (8.6)
Yes 181 (8.5) Not reported 50 (2.3)
No 1951 (91.2) e —— 4
Not reported 7(03) Re-injection of ICG if failed n (%)
Yes 1489 (69.6)
0,
FIGO stage n (%) No 650 (30.4)

1A 1278 (59.7) : " . —— a

B 523 (24.5) Dissection of pre-sacral space if failed n (%)

1] 152 (7.1) Yes 1042 (48.7)

A 41 (1.9) No 1097 (51.3)

s 8(0.4) Injecter n (%)

nc1 126 (5.9) ;

1nc2 4(0.2) Attending 1208 (56.5)

v 7(0.3) Fellow 527 (24.6)

Resident 311 (14.5)
Molecular profile n (%) Not reported 93 (4.3)
POLE-mut 95 (4.4) SLN total number (median) 238
MMR-d 581 (27.2) co—
NSMP 1191 (55.7) SLN distribution n (%)
p53-abn 272 (12.7) Both pelvic sides 1729 (80.8)
Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; MMR-d, Right pehic eide 182 (1)

f S 55 Sy Left pelvic side 150 (7.0)
mismatch repair deficiency; NSMP, no specific molecular profile; POLE, polymerase Both pelvic sid i M (19
epsilon; POLE-mut, polymerase epsilon-mutated; SD, standard deviation. ot peviciSices; f.aortc.area g5

Left pelvic side + aortic area 8 (0.4)
Right pelvic side + aortic area 1 (0.05)
Aortic area 1(0.05)
i . Not any SLN identified 57 (2.7
the curve was 0.46, and the most predictive cut-off point was 30 S % ] - 205( 9)6
kg/m?. BMI >30 kg/m? was not associated with failed bi-lateral DRIt (#6) s
detection either. Isolated tumor cells 51 (24.9)

(continued on next page)
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Table 2 (continued)

SLNB characteristics N = 2139
Micro-metastases 58 (28.3)
Macro-metastases 56 (27.3)
Not reported 40 (24.9)

Abbreviations: ICG, indocyanine green; PALND, paraaortic lymph node dissection;
PLND, pelvic lymph node dissection; SLN, sentinel lymph node; SLNB, sentinel lymph
node biopsy; surg, surgeries.

All factors associated with failed bi-lateral detection in univariate
analysis were included in a multi-variate analysis (Table 4). Only 5
risk factors remained statistically associated with unsuccessful bi-
lateral lymph node mapping in the multi-variate analysis: high-
grade histology (OR 1.35, 95% Cl 1.02 to 1.79, p=.039), myo-
metrial invasion >50% (OR 1.37, 95% CI 1.07 to 1.75, p=.012),
low-volume surgeon <20 cases per year (OR 2.11, 95% CI 1.55 to
2.89; p<.01), open surgical approach (OR 1.72, 95% CI 1.06 to

2.78, p=.03), and non-ICG tracer (OR 4.59, 95% Cl 2.64 to 7.99,
p<.01).

DISCUSSION

Summary

Our study found that the factors associated with failed lymph node
mapping included high-grade histology, myometrial invasion
>50%, surgeons performing <20 cases per year, an open surgical
approach, and the use of a non-ICG tracer. SLN biopsy should be
performed using ICG, through minimally invasive surgery, and
conducted or supervised by a surgeon who manages >20 pro-
cedures annually.

Results in the Context

SLN biopsy is now deemed the standard of care in the treatment of
endometrial cancer. It has been associated with less morbidity (as
shown in our study) and even higher detection rates of nodal
metastases than in traditional lymphadenectomy.”*'* One of the

Table 3 Univariate Analysis of Factors Associated With Failed Bi-Lateral Detection

Univariate analysis

Variable Bi-lateral detection rate p-value
Yes No
FIGO stage IlI-IV 83.3% 82.7% .82
Nodal positivity 85.9% 82.4% .21
SLN frozen 80.5% 83.2% .34
Uterine manipulator 84% 81.7% .08
Previous pelvic surgery 81.1% 83% 4
Injection performed by resident 80.4% 83% .26
Endometrioid histology 79.9% 83.5% A7
BMI >30 82.5% 79.7% 37
Volume tracer >3 mL 84.1% 81.3% Mg
High grade 79.2% 83.5% .03
Cervical invasion 77.3% 83.2% .04
Myometrial invasion 79.7% 84.2% .01
ICG as tracer 83.9% 53% <.01
MIS approach 83.5% 69% <.01
>20 cases/surg/year 85.5% 81.2% <.01
Re-injection if failed 84.9% 78% <.01
Pre-sacral dissection if failed 85.3% 80.4% <.01
Injection technique SD 3-9 SD 3-9 SD 3-6-9-12 SD 3-6-9-12 .03
83.4% 84.9% 75.5% 72%
Molecular profile POLE p53 NSMP MMR-d .75
87.3% 80.5% 82.7% 83.4%
Dilution of ICG 0.5 mg/mL 1.25 mg/mL 2.5 mg/mL .08
85% 83% 82.6%
Age (mean, y) 58.8 62.1 .65
BMI (mean, kg/m?) 31.1 32.1 55

Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; ICG, indocyanine green; MIS, minimally invasive surgery; MMR-d, mismatch repair
deficiency; NSMP, no specific molecular profile; POLE, polymerase epsilon; SD, standard deviation; SLN, sentinel lymph node; surg, surgeries.

Boldface and italic if statistically significant.
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Table 4 Multi-Variate Analysis of Factors Associated With Failed Bi-
Lateral Detection

Multi-variate analysis

Variable OR (no 95% CI p-value
detection)

Myometrial 1.37 1.07 to 1.75 .01
invasion >50%

High grade 1.35 1.02 to 1.79 .04

Non-ICG tracer 4.59 2.64 to 7.99 <.01

Open surgery 1.72 1.06 to 2.78 .03

Low volume 2.11 1.56 to 2.89 <.01
surgeon (< 20/y)

Injection technique 1.1 0.91 to 1.33 .32

Pre-sacral 0.88 0.68 to 1.13 .31
dissection

0.66 to 1.12 .27
0.9to 2.15 .06

Re-injection if failure 0.86
Cervical invasion 1.45

Abbreviation: ICG, indocyanine green.
Boldface if statistically significant (p < 0.05).

main challenges with SLN biopsy is the heterogeneity in tech-
niques. In our study, we observed significant variation in the
techniques used, although none of these differences seemed to
affect detection rates. In 2021, to address these disparities,
Moloney and colleagues'* published an assessment tool that we
highly recommend to the reader.

Several studies have indicated the superior performance of ICG to
that of blue dye or radiocolloid.>*"'%'>"'8 In our study, the use of any
other tracer was associated with nearly a 5-fold higher likelihood of
failure to detect the SLN bi-laterally. The rate of bi-lateral detection
improves when the surgery is performed or supervised by a surgeon
with >20 cases per year. This threshold was established by ESGO in
their quality indicators. Although this benchmark might seem arbitrary,
it highlights the importance of surgical volume in endometrial cancer,
as shown in the existing literature. In a study published by Gedgaudaite
and colleagues, ' 190 patients were prospectively evaluated to assess
the learning curve for SLN biopsy in endometrial cancer. The authors
found that >30 procedures using ICG-traced laparoscopic SLN biopsy
were required to achieve an acceptable level of competence, with a bi-
lateral SLN detection rate of >75%. This finding aligns with the only
prospective study analyzing risk factors in the literature. lanieri and
colleagues®® prospectively analyzed 110 patients and found that the
only factor significantly associated with successful bi-lateral lymph
node mapping was the surgeon.

All previous studies analyzing these factors were primarily
conducted using minimally invasive surgery. In endometrial cancer
surgery, SLN biopsy is typically performed through minimally
invasive surgery. In our study, 5% of the patients underwent open
surgery. However, on the basis of our findings, it is crucial to
consider that when choosing to operate through an open approach,
the rates of bi-lateral lymph node detection are likely to decrease.
The association between open surgery and lower SLN detection
rates may be due to increased tissue manipulation, anatomical

distortion, or differences in tracer dispersion. Similarly, aggressive
histologic subtypes and myometrial invasion might have altered
lymphatic architecture, reducing tracer migration. This finding
aligns with previous studies.”’

Pre-operative molecular profiling and advanced imaging (MRI or
specialized ultrasound) could help identify patients at higher risk for
failed mapping, guiding decisions on comprehensive lymphadenec-
tomy. Furthermore, our results emphasize the importance of adhering
to the Memorial Sloan Kettering SLN algorithm for surgical staging in
patients with endometrial cancer, particularly in high-risk cases.””

Enlarged lymph nodes on pre-operative imaging, BMI, and the
use of a tracer volume <3 mL have previously been described as
factors associated with failed lymph node mapping. Regarding
enlarged lymph nodes, we must note that our study included only
patients with pre-operative stage I-to-ll endometrial cancer, so
these cases were excluded. BMI was not found to be associated
with failed mapping, either as a continuous variable or with a BMI
>30 kg/m?. The literature on this topic is inconsistent, with some
studies suggesting that higher BMI is associated with failed
detection®">?* whereas others suggest the opposite.>®° In our
data, it is important to acknowledge that BMI information was
available for 600 patients (28% of the cohort), which may have
biased our results.

A recent meta-analysis reported that using >3 mL of tracer is
associated with higher rates of bi-lateral lymph node mapping.
However, although the meta-analysis® included 1345 cases, the
volume of tracer was analyzed in only 325 patients. In our study,
with data on tracer volume for 2005 patients, we did not observe
any differences in bi-lateral detection rates. This is consistent with
a more recent study by Mauro and colleagues,® which specifically
analyzed tracer volume in 352 patients and found no differences in
detection rates between 2 mL and 4 mL.

Strengths and Weaknesses

To the best of our knowledge, this is the largest cohort study in
endometrial cancer analyzing factors associated with failed lymph
node mapping. With up to 22 variables potentially influencing bi-
lateral lymph node mapping, we consider our multi-variate analysis
to be robust and reliable. Our cohort also shows a high rate of bi-
lateral lymph node mapping, minimizing potential surgical biases
related to suboptimal SLN biopsy technique.

The primary limitation of our study is its retrospective nature. It
is also important to note that BMI data were available for only 28%
of cases, which may have influenced our findings regarding this
variable. Although ICG is well-established for its superior detection
performance, only 76 cases (3.6%) did not receive ICG, which could
represent a potential bias to the study.

CONCLUSION

Our study identifies 5 risk factors associated with unsuccessful
lymph node mapping. SLN biopsy is a safe technique that improves
surgical morbidity with high rates of bi-lateral detection. Efforts
must be made to perform this technique with ICG, by minimally
invasive surgery, and conducted or supervised by an experienced
surgeon with >20 endometrial cancer cases per year.
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5.4 Miinzova D, Bretova P, Hausnerova ], Bednarikova M, Minar L, Weinberger V.
Nizkoobjemové postiZeni regionalnich lymfatickych uzlin u karcinomu

endometria - 2024 update. Ces. Gynek. 2025;90(2): 158-162.

One key advantage of sentinel lymph node detection and biopsy is the ability to
perform detailed ultrastaging, which significantly improves the detection of
metastatic involvement, especially low-volume metastases such as micrometastases
and isolated tumor cells. This approach offers greater diagnostic sensitivity than
conventional histopathological methods in the context of systematic

lymphadenectomy.

This comprehensive review article provides an updated synthesis of the literature
(January 2019-September 2024) concerning LVM (low-volume metastasis) in
regional lymph nodes in endometrial carcinoma, with specific focus on sentinel
lymph node ultrastaging, prevalence, prognostic implications, and associations with

molecular subtypes.

Reported LVM prevalence ranges from 1.7% to 9.0%, varying with tumor histotype,
myometrial invasion depth, and LVSI. MICs are more frequent in non-endometrioid
and high-risk tumors, whereas ITCs are more often found in endometrioid

histologies.

MICs are classified as metastatic disease under FIGO 2023 (stage I1I1C1/2i) and
warrant adjuvant therapy. ITCs, in contrast, are not classified as nodal metastases
(pNOJ[i+]) and do not routinely alter treatment recommendations due to inconsistent
evidence of prognostic significance. Nevertheless, some studies suggest a potentially
reduced DFS in ITC-positive patients, indicating a need for further prospective

studies.

LVM appears more frequent in MMRd and p53mut tumors, with no clear enrichment
in POLEmut or NSMP subtypes. Genomic studies have yet to identify consistent
genetic predictors of LVM beyond p53 status.

In conclusion, while MICs are treated as metastases due to associated recurrence risk,

the clinical role of ITCs remains uncertain. Current guidelines support routine SLN
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mapping with ultrastaging for appropriate risk groups. The integration of molecular
classification refines risk stratification, though further prospective data are needed to

optimize management strategies for patients with low-volume nodal disease.

The comprehensive review entitled "Low-volume regional lymph node metastasis in
endometrial cancer - 2024 update” was published in Ceskd gynekologie (IF 0.5, Q4) in
2025.

Author’s contribution: corresponding author, conceptualization, manuscript writing -

original draft.
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PREHLEDOVA PRACE

doi: 10.48095/cccg2025158

Nizkoobjemové postizeni regionalnich
lymfatickych uzlin u karcinomu endometria —
2024 update

Low-volume regional lymph node metastasis in endometrial
cancer — 2024 update

D. Miinzova', P. Bretova'? J. Hausnerova®, M. Bednafikova*, L. Minaf', V. Weinberger'
' Gynekologicko-porodnicka klinika LF MU a FN Brno

2Porodnicka a gynekologicka klinika LF UK a FN Hradec Kralové

3Ustav patologie, LF MU a FN Brno

*Interni hematologicka a onkologicka klinika LF MU a FN Brno

Souhrn: Prevalence detekce izolovanych nadorovych bunék a mikrometastaz v sentinelové uzliné stoupa diky jejich podrobnému zpracovani
formou ultrastagingu. Pfedkladana prace poskytuje aktudlni piehled literatury od ledna roku 2019 do zéfi roku 2024 se zaméfenim na
nizkoobjemové postizeni regionalnich uzlin, jeho prevalenci, prognézu a souvislost s molekularni klasifikaci. Pfitomnost mikrometastaz je
aktudlné povazovana za metastatické postizeni lymfatickych uzlin, aviak s lepsi prognézou nez makrometastazy, dle toho je volen i terapeuticky
postup spole¢ny pro obé tyto kategorie uzlinového postizeni. Naopak pfitomnost izolovanych nadorovych bunék neni v rdmci Mezinarodni
federace gynekologie a porodnictvi (FIGO) 2023 stagingu povazovéna za uzlinové postizeni a neovliviiuje doporuceny terapeuticky postup,
protoze doposud nebyly prokazany signifikantni prognostické dlsledky jejich pfitomnosti.

Klicova slova: nizkoobjemové postizeni uzlin — karcinom endometria — ultrastaging — izolované nadorové buriky - mikrometastazy - sentinelova
uzlina

Summary: Due to the implementation of sentinel lymph node ultrastaging, the prevalence of isolated tumor cells and micrometastases have
increased. This literature review comprises of articles published between January 2019 and September 2024 aiming at low-volume metastases in
regional lymph nodes, their prognosis, and links to molecular classification. Micrometastases are currently considered as having metastatic lymph
node involvement; however, they have a better prognosis than macrometastases. Accordingly, therapy is tailored. In contrast, isolated tumor cell
presence is not considered metastatic involvement according to International Federation of Gynecology and Obstetrics (FIGO) 2023 staging and
does not affect the therapeutic procedure because their significant prognostic importance has not been proven so far.

Key words: low-volume metastasis — endometrial cancer — ultrastaging - isolated tumor cells - micrometastases - sentinel lymph node

Uvod terapii (imunoterapie, antiangio- aortopelvické lymfadenektomie [2]. Tato

Karcinom endometria je nej¢astéjsi gy-
nekologickou malignitou v CR s in-
cidenci 37/100 000 Zen v roce 2022,
v absolutnim poctu to bylo 2 005 pa-
cientek [1]. V poslednich letech se velmi
zménil pohled na toto onemocnéni, a to
nejen diky zavedeni molekularni kla-
sifikace, zméné stagingu lymfatickych
uzlin, ale i diky novinkdm v adjuvantni

genni |é¢ba). Dle aktudlnich guidelines
ESGO/ESTRO/ESP (European Society of
Gynecological Oncology / European So-
cieTy for Radiotherapy and Oncology /
European Society of Pathology) z roku
2021 je staging lymfatickych uzlin pro-
vadén preferen¢né pomoci detekce sen-
tinelovych uzlin na obou pénevnich sté-
nach namisto provedeni systematické

minimalné invazivni metoda je doporu-
¢ena u viech pacientek zafazenych do
skupiny nizkého nebo stfedniho rizika
recidivy s vyjimkou pfipadl s absenci
myometralni invaze, kde mize byt chi-
rurgicky staging uzlin zcela vynechan.
U pacientek ve skupiné stfedné vyso-
kého nebo vysokého rizika ve stadiu |-l
je oboustrannd biopsie sentinelové
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NIZKOOBJEMOVE POSTIZENT REGIONALNICH LYMFATICKYCH UZLIN U KARCINOMU ENDOMETRIA - 2024 UPDATE

Tab. 1. Prehled publikaci zabyvajici se prevalenci nizkoobjemového postizeni uzlin u karcinomu endometria.
Tab. 1. Overview of publications dealing with the prevalence of low-volume metastases in endometrial carcinoma.

Nazev Rok
Mueller et al. [12] 2020
De Vitis et al. [13] 2024
Buda et al. [14] 2023
Lavecchia et al.[15] 2023
Matsuo et al. [16] 2024
Garcia Pineda et al. [17] 2020

Zemé Typ Pocet Prevalence Prevalence
studie pacientek ITC mikrometastaz
USA retrospektivni 1044 6,0% (mii'r(c))_f,&ﬁro)
USA, Itélie retrospektivni 1570 53 % 32 %
Italie retrospektivni 1428 1,9% 3,6 %
Kanada retrospektivni 1012 1,1% 0,6 %
USA retrospektivni 56527 2,6 % 35%
Spanélsko retrospektivni 270 2,6 %

ITC - izolované nadorové buriky/isolated tumor cells

uzliny (SLN - sentinel lymph node) plno-
hodnotnou alternativou ke klasické sys-
tematické lymfadenektomii, kterou je
viak nezbytné doplnit v ptipadé selhdni
biopsie [2]. Dle ESGO indikatora kva-
lity operacni lé¢by karcinomu endome-
tria ma byt staging lymfatickych uzlin az
v 90 % pfipadl proveden pravé pomoci
detekce sentinelové uzliny [3].
Vzhledem k odstranéni pouze ma-
Iého mnozstvi uzlin, ve srovnani s lym-
fadenektomii, je mozné sentinelové
uzliny vysetfit podrobnéjsi metodou,
nejéasté&ji ultrastagingem [4]. V CR nee-
xistuje obecné platny protokol pro pa-
tologické ultrastagingové vysetfeni
sentinelovych uzlin u karcinomu endo-
metria, vysetfeni je tedy provéddéno dle
zvyklosti pracovisté. Na Ustavu patolo-
gie FN Brno je kazda sentinelova uzlina
zpracovana rozdélenim na 2mm silné
lamely, které jsou zablokovény. V pfi-
padé negativity prvniho fezu barve-
ného hematoxylinem eosinem je kazda
lamela prokrédjena v nékolika urovnich
ve vzdalenosti 200 um, pticemz jsou
mezi hematoxylin eosinova skla pravi-
delné vkladany fezy pro imunohisto-
chemicky priikaz cytokeratinG. Timto
zplUsobem je zpracovana uzlina beze
zbytku. Prostfednictvim ultrastagingu je
mozné spolehlivéji detekovat nizkoob-
jemové postizeni lymfatickych uzlin
(LVM - low-volume metastasis), tedy mi-
krometastazy (MIC — micrometastases)
a izolované nadorové buriky (ITC - iso-
lated tumor cells) [4]. Mikrometastazy

jsou definovény jako loziska nédo-
rovych bunék o velikosti 0,2-2mm
a/nebo > 200 bunék, izolované nado-
rové burky jsou shluky bunék < 0,2 mm
a/nebo < 200 bunék. Makrometastazy
jsou definovéany velikosti > 2mm [5].
Dal$i moznou metodou vysetfeni sen-
tinelovych uzlin je OSNA (one-step
nucleic acid amplification), kdy je de-
tekovano mnozstvi mRNA kodujici cy-
tokeratin-19, ktery je produkovan né-
kolika typy solidnich nador(, avsak ne
zdravou lymfatickou tkani. V porovnani
s ultrastagingem je tato metoda snad-
néji automatizovatelna a reprodukova-
telna [6-8], avsak v realné klinické praxi
méné uzivana [9]. Konkordance metody
OSNA a ultrastagingu je 86,0 %, meto-
dou OSNA bylo diagnostikovéno vice
mikrometastdz a o 20,7 % vice pacien-
tek bylo zafazeno do stadia Il dle Mezi-
narodni federace gynekologie a porod-
nictvi (FIGO) 2023 [6]. Studie provedena
Kostunem etal. v letech 2016-2018 sle-
dovala recidivu onemocnéni u pacien-
tek s karcinomem endometria, jejichz
uzliny vysetfené ultrastagingem byly
negativni, zatimco uzliny vysetfené me-
todou OSNA pozitivni, pficemz u téchto
pacientek doslo k recidivé onemocnéni
ve 25,0 % [10].

V roce 2019 vysel v ¢asopise Ceska
gynekologie prehledovy ¢lének ,Niz-
koobjemové postizeni uzlin u karci-
nomu endometria” [11], cilem naseho
literdrniho review je volné na néj nava-
zat a pfinést aktualizované informace

z poslednich 5 let, kdy vesla v plat-
nost nova evropska doporuceni a novy
FIGO staging.

Metodika

Jedna se o prehledovou préci. K vyhle-
déni publikaci byly pouzity databaze
PubMed, Embase a Web of Science za
uziti klicovych hesel pro vyhledavani:
endometrial AND (cancer OR carcinoma
OR malignancy) AND (,low volume me-
tastasis” OR micrometastas* OR ITC OR
Jisolated tumor cells”). Pouzity byly pu-
vodni prace (retrospektivni a prospek-
tivni studie) a metaanalyzy publikované
od ledna 2019 do zafi 2024.

Literarni reserse

Prevalence nizkoobjemového
postizeni uzlin

Prevalence nizkoobjemového postizeni
uzlin (LVM) uzlin (zahrnujici MIC a ITC)
se u karcinomu endometria pohybuje
mezi 1,7 a 9,0 % (tab. 1) [12-17]. Lisi se
v zavislosti na histologickém typu kar-
cinomu, hloubce invaze do myometria
nebo lymfangioinvazi (LVSI - lympho-
vascular space invasion). U pacientek
s FIGO grade 1 endometroidnim karci-
nomem a myoinvazi maximalné do po-
loviny tloustky myometria je pfitomnost
ITC v SLN nizka (0,5 %), naopak u pa-
cientek ve stejné skupiné s invazi kar-
cinomu pfes polovinu sily myometria
byl pozitivni ndlez ITC v SLN u 31 % pa-
cientek [12]. Pfitomnost LVM také sou-
visi s histologickym typem nadoru - byl
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pozorovan signifikantni rozdil v pfitom-
nosti MIC v SLN u pacientek s low-grade
endometroidnim karcinomem (2,8 %) na
rozdil od pacientek s non-endometroid-
nimi typy (6,0 %) [13]. Aviak pfitomnost
ITC v rdmci stejné studie byla ¢astéji za-
znamenana u pacientek s endometroid-
nim typem karcinomu (5,3 %) ve srov-
nani s karcinomem seréznim (1,7 %),
které maji naopak sigfnifikatné vyssi pre-
valenci sentinelovych makrometastaz
(11,0 vs.2,9 %) [13].

Prognéza nizkoobjemového
postizeni uzlin a adjuvantni
terapie

Stran prognoézy LVM u karcinomu en-
dometria je rozdil mezi MIC a ITC. Nalez
MIC je povazovén za postizeni lymfatic-
kych uzlin a stejné jako u nalezu makro-
metastaz vede k upstagingu onemoc-
néni [3]. Nélez ITC k zafazeni do vyssiho
stadia onemocnéni dle FIGO 2023 ne-
vede, v literatufe je misty uvadén mozny
odlisny biologicky potencial ITC, které
jsou povazovény za dispergované na-
dorové buniky neschopné dalsi prolife-
race, bez ptitomnosti mitéz a vaskularni
invaze [18,19].

Pritomnost MIC snizuje dobu preziti
bez pfitomnosti onemocnéni (DFS -
disease free survival), kterd vsak muaze
byt prodlouzena podénim adjuvantni
|é¢by (radioterapie a/nebo chemote-
rapie) [20]. Nékteré studie naopak uka-
zuji, ze DFS neni ovlivnén podanim
adjuvantni 1é¢by u pacientek s pfitom-
nosti ITC v SLN v ¢asném stadiu karci-
nomu bez jinych rizikovych déloznich
faktord (LVSI) [21,22]. Doba preziti bez
onemocnéni u pacientek s predope-
ra¢né casnym stadiem (stadium I|-Il dle
FIGO 2009) karcinomu endometria ve
3letém intervalu byla 90,6 % u pacien-
tek bez uzlinového postizeni a 84,3 %
u pacientek s LVM, recidiva onemocnéni
byla ¢astéji zaznamendna u pacientek
s LVM (14,5 %) ve srovnani s pacient-
kami s negativnimi uzlinami (5,9 %) [14].
Nicméné nutno podotknout, Ze se jed-
nalo o velmi heterogenni skupinu

karcinomd endometria zahrnujici
véechny histologické typy (vylouceny
byly pouze metastazy z jinych lokalit
a sarkomy).

Co se tyce prognoézy pacientek s ITC,
neposkytuje zatim dostupna literatura
jednoznacny zavér. U pacientek s ITC
s low-grade endometroidnim karcino-
mem bez lymfangioinvaze a invaze dé-
lozni serézy nebyl zaznamendn roz-
dil v DFS pfi podani adjuvantni terapie
(radioterapie a/nebo chemoterapie) ve
srovnani se skupinou, ktera adjuvantni
terapii nepodstoupila, limitaci téchto
studii je vSéak pomérné kratka doba fol-
low-up (median 31 mésica) [21,23]. Exis-
tuji vSak i studie popisujici signifikantné
kratsi dobu preziti bez recidivy u niz-
korizikovych pacientek s ITC ve srov-
nani s pacientkami bez postizeni uzlin,
ptficemz doba follow-up byla obdobna
jako u vyse zminovanych studii [14,24].
Podle Matsuo etal. je pacientkdm s na-
lezem ITC v SLN castéji podana néjaka
forma adjuvantni terapie, avsak ve vét-
siné dostupnych studii je podani, ¢i ne-
podani adjuvantni terapie ovlivnéno
predevsim pfitomnosti dalsich riziko-
vych faktorl (high-grade histologie,
podstatna LVSI, hlubokd myometralni
invaze) [16].

Nizkoobjemové postizeni uzlin

a molekularni klasifikace
Retrospektivni multicentrickad studie,
ktera zahrnovala 101 pacientek s LVM,
neprokazala specifické zastoupeni
v ramci molekularni klasifikace v po-
rovnani s pacientkami bez nalezu LVM,
avsak p53 mutace byla stanovena jako
vyznamny faktor pro riziko recidivy one-
mocnéni [25]. Ani v pfipadé pfitomnosti
pouze ITC nebyly zjistény zadné rozdily
v ramci molekulariho profilu v retro-
spektivni studii zahrnujici 1 214 pacien-
tek [26]. V rdmci recentni retrospektivni
multicentrické studie SENECA (Staging
ENdomEtrial CAncer based on mole-
cular classification) s 2 139 pacient-
kami byla popsana vétsi pravdépodob-
nost metastatického postizeni uzlin

u pacientek s karcinomy mismatch re-
pair deficientnimi (MMRd) a s mutaci
proteinu p53 (p53mut) ve srovnani s dal-
Simi molekuldrnimi typy [9]. V rdmci pro-
vedeni genomického profilu karcinomu
endometria byly studovény i dalsi geny,
jejichz mutace by mohly vést k vétsi
pravdépodobnosti nizkoobjemového
uzlinového postizeni — konkrétné geny
PTEN a PIK3CA, avsak zadna souvislost
nebyla v tomto souboru 42 pacientek
prokazana [27]. Ve studii se 100 pacient-
kami provedené Watanabe etal. byly na-
lezeny mutace v genu FBWX7, které byly
spojeny se signifikantné vyssi ptitom-
nosti uzlinového postizeni [28].

Nizkoobjemové postizeni uzlin

v ramci FIGO 2023 stagingu

V ramci FIGO 2023 stagingu karcinomu
endometria pfi pozitivnim nélezu mak-
rometastaz i mikrometastdz je one-
mocnéni zafazeno do stadia IlIC1, pfi-
padné IlIC2 v zdvislosti na lokalizaci
uzliny (panevni, resp. paraaortalni ob-
last). Vzhledem k lepsi prognéze pa-
cientek s MIC oproti makrometasta-
zam bylo nutné tuto skute¢nost uvést
v rdmci nové klasifikace — pomoci ma-
Iého pismene ,i” na konci ozna¢ime mi-
krometastazy (I1IC1i, I1IC2i) nebo mak-
rometastazy (IlICTii, 11C2ii). Pfitomnost
ITC neni povazovana za metastatické
postizeni uzliny, ale méla by byt v do-
kumentaci zaznamendana jako pNO(i+).
Dle ESGO/ESTRO/ESP nejsou stano-
vena kritéria podani adjuvantni [é¢by pfi
nélezu ITC [2].

Zavér

Pritomnost mikrometastéz je aktualné
povazovéana za metastatické postizeni
lymfatickych uzlin, avsak s lepsi progné-
zou nez makrometastazy, nicméné tera-
peuticky postup je spolec¢ny pro obé tyto
kategorie uzlinového postizeni. Naopak
pfitomnost izolovanych nadorovych
bunék neni v rdmci FIGO 2023 povaZo-
véna za uzlinové postizeni a neovliviiuje
doporuceny terapeuticky postup, pro-
toze doposud nebyly prokazany zadné
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signifikantni prognostické dasledky pfi-
tomnosti ITC. Moznou pfi¢inou je nedo-
statecna doba follow-up, protoze napf.
pfitomnost ITC v SLN u karcinomu prsu
vyznamné zkracovala DFS az pti sledo-
vani po dobu 5 let [29]. Z doposud pu-
blikovanych vysledk tykajicich se pro-
gnostického vlivu ITC nelze stanovit
jednoznacny konsenzus stran dalsiho
postupu, a to predevsim s ohledem na
podani adjuvantni terapie. Je tedy s jis-
totou zapotrebi dalSich, zejména pro-
spektivnich studii k ziskani dostatecné
robustniho objemu informaci tykajicich
se této problematiky.
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6 Predictive Models

Predictive models have become an integral component of precision medicine, offering
clinicians a means to estimate individual patient risk, guide therapeutic decision-
making, and optimize oncologic outcomes. In gynecologic oncology, particularly in
managing endometrial carcinoma, predictive models are employed to assess the
likelihood of lymph node metastasis, disease recurrence, treatment response, and
overall survival. To generate individualized risk estimates, these models integrate
diverse data sources, including clinical parameters, histopathological features,

molecular profiles, and imaging findings.

Depending on the methodological approach, predictive models may take the form of
nomograms, decision trees, Bayesian networks, or machine learning algorithms etc.
Their application supports a shift from traditional one-size-fits-all strategies to a more
tailored and evidence-based approach in the individualized care of patients with

endometrial cancer. For example:

e Nomogram
A nomogram is a graphical representation of a multivariable statistical model, typically
derived from logistic or Cox regression. It allows clinicians to calculate an individual
patient’s probability of a specific clinical outcome by aligning values for multiple risk
factors on a visual scale®?. Nomograms are favored in oncology for their

interpretability and ease of bedside application.

Example in EC: A nomogram developed and validated by Wang et al. predicts the risk
of lymph node metastasis in patients with endometrial cancer®3. The model integrates
seven clinical and pathological variables, demonstrating high predictive accuracy (AUC
> 0.8). Such tools are particularly useful in guiding the decision to perform

lymphadenectomy or sentinel lymph node biopsy in early-stage disease.

e Decision Tree
A decision tree is a non-parametric supervised learning algorithm that stratifies data
into subsets based on a series of binary decisions made on explanatory variables. Each

internal node represents a test on a feature, each branch denotes the outcome of the
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test, and each leaf node provides a classification or prediction®*. Decision trees are
intuitive and can be easily interpreted, but are prone to overfitting if not properly

pruned.

Example in EC: Another study applied interpretable decision tree models to molecular
and clinical datasets of endometrial cancer. The authors demonstrated how the
branching logic of the model revealed novel associations between p53-mut tumors and

specific clinical features, thus facilitating hypothesis generation for future studies®>.

¢ Bayesian Network
A Bayesian network is a probabilistic graphical model that represents a set of variables
and their conditional dependencies via a directed acyclic graph. This model
incorporates prior knowledge and can update predictions as new evidence is
introduced, making it especially suitable for managing uncertainty in complex clinical

scenarios®e.

Example in EC: The ENDORISK (ENDOmetrial cancer preoperative RISK stratification)
model, based on a Bayesian network framework, predicts the likelihood of lymph node
metastasis and five-year disease-specific survival in endometrial carcinoma. The
model integrates preoperative clinical, histological, and molecular features (limited to
p53 abnormality). External validation has shown a high discriminatory capacity (AUC

= 0.82), underlining its potential utility in pre-surgical risk stratification®’.

These predictive tools exemplify the convergence of statistical modeling and
personalized medicine in gynecologic oncology. Their integration into routine practice
requires careful validation, transparent reporting, and continuous refinement based

on evolving clinical evidence.
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6.1 Weinberger V, Bednarikova M, Hausnerova J, Ovesna P, Vinklerova P, Minar
L, Felsinger M, Jandakova E, Cihalova M, Zikan M. A Novel Approach to
Preoperative Risk Stratification in Endometrial Cancer: The Added Value of

Immunohistochemical Markers. Front. Oncol. 2019, 9:265.

The first study of this chapter demonstrates an example of a decision tree, which aimed
to enhance the preoperative risk stratification of endometrial cancer patients by
incorporating immunohistochemical markers into the existing diagnostic model,
which was based on traditional histopathological examination, clinical, and imaging
findings. It is important to note that this study was conducted before the era of

molecular classification introduction into clinical practice.

Our study sought to evaluate whether the addition of specific IHC markers—ER, PR,
L1CAM, and p53—could improve the sensitivity and specificity of preoperative risk

assessments in EC patients.

We conducted a prospective analysis involving patients diagnosed with endometrial
carcinoma. Preoperative biopsies were assessed for the expression levels of ER, PR,
L1CAM, and p53 using standardized IHC techniques. These findings were then
integrated into the existing diagnostic model, which included clinical and imaging data,

to assess any improvements in risk stratification accuracy.

Incorporating IHC markers into the diagnostic model significantly improved the
sensitivity for identifying high-risk EC patients from 48.4% to 75.8% (p < 0.001). The
presence of p53 mutations was associated with a PPV (positive predictive value) of
94% and an NPV (negative predictive value) of 61%, indicating its potential as a
significant prognostic marker. We established specific cut-off values for high-risk
tumors: ER expression below 78%, PR below 88%, and L1CAM expression equal to or

exceeding 4%.

In conclusion, our findings demonstrate that the integration of IHC markers into
preoperative diagnostic models substantially enhances the accuracy of risk

stratification in endometrial cancer patients. This approach allows for more precise

175



identification of high-risk individuals, potentially leading to better-informed surgical

decisions and personalized treatment plans.

The study "A Novel Approach to Preoperative Risk Stratification in Endometrial Cancer:
The Added Value of Immunohistochemical Markers” was published in Frontiers in

Oncology (IF 4.848, Q2) in 2019.

Author’s contribution: clinical methodology, data curation, manuscript writing -

original draft.
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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 L1CAM (p = 0.014); in cases with
positive LN, lower expression of ER/PR (p < 0.001), higher L1CAM (p = 0.002) and
frequent mutation of p53 (o = 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% (565.6-74.0%), 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 cT1a, grade 2, all without clinical or imaging evidence of
lymphadenopathy (cNO) or distant metastases (cM0). 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 IHC 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 LVSI. 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 Fishers 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 aimost 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 (Table 1). 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 III 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 THC 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.

Frontiers in Oncology | www.frontiersin.org

180

April 2019 | Volume 9 | Article 265



Weinberger et al.

Immunohistochemical Marker in Endometrial Cancer

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 L1CAM 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 LICAM (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 THC 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 | Imnmunohistochemical biomarkers in preoperative biopsies.

IHC markers Overall values (n = 98) EG1 (n = 36) EG2 (n = 37) EG3(n=9) EIN (= 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) 24 7(13) 33(35) o(1) 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 distnbuted; IHC,
immunohistochemical markers; ER, estrogen receptors; PR, progesterone receptors; L1CAM, L1cell 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 =75)
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=0.014 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; LVSI, 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)
M low M high Percentage Specificity (95% CI) NPV (95% CI)
Predicted risk: low 56 15 53.8% 75.8% (63.3% - 85.8%)  77.0% (67.3% - 84.5%)
Predicted risk: high N 47 462% 80.0% (63.7% - 88.6%)  78.9% (70.3% - 85.5%)
Percent Comrect 80.0% 75.8% 78.0%
L1CAM (%)
|
[ | ]
>7% 1-7% or missing
Category N % Category N %
Wlownsk 4 138% Wilownsk 33 508%
W Highrisk 25 $62% WHighnsk 32 492%
Total 29 220% Total 65 492%
|
Myometrial invasion (US)
1 1
[ | [ |
<50% 2>50% or missing <85% >85%

Category N % Category N % Category N % Category N %

Wlownsk 30 667% | |@Llownsk 3 150% Wlownsk 7 383% | |@Wlownsk 26 100%

WHighrsk 15 333% | | @Highnsk 17 850% WHighrsk 5 417% | |mHighnsk 0 0%

Total 35 34.0% Total 20 152% Total 2 91% Total 2% 19.1%

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% CI)
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 Sensitivity (95% Cl) PPV (95% Cl)
Specificity (95% Cl) 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 47 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 M4 86.0% (73.3-94.2%) 76.8% (67.3-84.2%)
Total N 50 47 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.

u Current model = Novel model
100%

p=0.238 =0.787

o p<0.001 p<0.001
88,6%|
80%
78,9%
70%
60%
50%
40%
30%
20%
10%
0%
Sensitivity Specificity Positive Predictive Value Negative Predictive Value
Current model=hi: grade, i) i hod; Novel del=if histochemical bi k i i hod:

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

synthesis of information obtained from the result of preoperative  surgery and so only hysterectomy and salpingo-oophorectomy
biopsy (histotype, grading) and imaging methods. Based on  are indicated, or the procedure is extended by pelvic and para-
the results, patients are included in a risk group before the  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 LICAM, 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, LICAM,
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 LICAM, 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 THC 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 LICAM-positive, with no significant association
between L1ICAM 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 IHC 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 THC markers (ER, PR, LICAM,
p53). As deciding for risk stratification, the following parameters
have been shown as crucial: LICAM, 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 (i.e., 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 LICAM
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6.2 Vinklerova P, Ovesna P, Hausnerova ], Pijnenborg JMA, Lucas PJF, Reijnen C,
Vrede S, Weinberger V. External Validation Study of Endometrial Cancer
Preoperative Risk Stratification Model (ENDORISK). Front. Oncol. 2022;
12:939226.

The ENITEC group published one of the most advanced models in endometrial cancer
called ENDORISK, a machine learning-based Bayesian network design to predict lymph

node metastasis and 5-year DSS®7.

Our study aimed to externally validate the predictive performance of the ENDORISK
model in a cohort of EC patients from the University Hospital Brno, Czech Republic. We
also sought to assess its applicability in the context of sentinel lymph node biopsy and

its accuracy in advanced-stage disease.

We retrospectively analyzed 425 EC patients treated between January 2006 and May
2021. For LNM (lymph node metastasis) prediction, 226 patients with known lymph
node status were included, while 299 patients with available follow-up data were
analyzed for DSS prediction. Patients underwent either pelvic and paraaortic lymph
node dissection or sentinel node biopsy. The ENDORISK model's predictions were
compared to actual outcomes, and its performance was evaluated using the AUC (area

under the curve) and calibration plots.

The ENDORISK model demonstrated strong predictive capabilities for LNM (AUC of
0.84 (95% CI: 0.77-0.90)) and 5-year DSS (AUC of 0.86 (95% CI: 0.79-0.93)).
Calibration plots indicated excellent predictive accuracy for low-risk tumors (grades
1-2). However, the model tended to underestimate risk in high-grade tumors (grade

3) and advanced FIGO stages, particularly concerning DSS.

Our findings confirm the ENDORISK model's robust performance in preoperative risk
stratification for EC, especially among low-risk patients. Nonetheless, its predictive
accuracy diminishes in high-risk and advanced-stage cases, suggesting the need for
further refinement and training of the model to enhance its applicability across all risk
categories. We suggest incorporating preoperative imaging results into the model to

better stratify advanced stages.
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The "External Validation Study of Endometrial Cancer Preoperative Risk Stratification
Model (ENDORISK)“was published in Frontiers in Oncology (IF 4.7, Q2) in 2022.

Author’s contribution: first author, conceptualization, investigation, methodology,

data curation, manuscript writing - original draft.

Based on our findings and recommendations, an improved version of the model—
ENDORISK-2—was developed, which now incorporates imaging results as part of the
preoperative assessment. The manuscript is currently under review in a reputable peer-

reviewed journal.
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Introduction: Among industrialized countries, endometrial cancer is a
common malignancy with generally an excellent outcome. To personalize
medicine, we ideally compile as much information as possible concerning
patient prognosis prior to effecting an appropriate treatment decision.
Endometrial cancer preoperative risk stratification (ENDORISK) is a machine
learning—based computational Bayesian networks model that predicts lymph
node metastasis and 5-year disease-specific survival potential with percentual
probability. Our objective included validating ENDORISK effectiveness in our
patient cohort, assessing its application in the current use of sentinel node
biopsy, and verifying its accuracy in advanced stages.

Methods: The ENDORISK model was evaluated with a retrospective cohort of
425 patients from the University Hospital Brno, Czech Republic. Two hundred
ninety-nine patients were involved in our disease-specific survival analysis; 226
cases with known lymph node status were available for lymph node metastasis
analysis. Patients were included undergoing either pelvic lymph node
dissection (N = 84) or sentinel node biopsy (N =70) to explore the accuracy
of both staging procedures.

Results: The area under the curve was 0.84 (95% confidence interval [Cl], 0.77-
0.9) for lymph node metastasis analysis and 0.86 (95% Cl, 0.79-0.93) for 5-year
disease-specific survival evaluation, indicating quite positive concordance
between prediction and reality. Calibration plots to visualize results
demonstrated an outstanding predictive value for low-risk cancers (grades
1-2), whereas outcomes were underestimated among high-risk patients (grade
3), especially in disease-specific survival. This phenomenon was even more
obvious when patients were subclassified according to FIGO clinical stages.
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Conclusions: Our data confirmed ENDORISK model's laudable predictive
ability, particularly among patients with a low risk of lymph node metastasis
and expected favorable survival. For high-risk and/or advanced stages, the
ENDORISK network needs to be additionally trained/improved.

KEYWORDS

Bayesian networks model, disease-specific survival, endometrial cancer, prognosis,
risk stratification, sentinel node biopsy, lymph node metastasis

Introduction

In industrialized countries, endometrial cancer (EC) is a common
malignancy with generally an excellent outcome and 5-year relative
survival rate of 76% among European women (1). Despite its overall
favorable prognosis, up to 15% of patients classified as low-risk
will experience recurrence and may profit from adjuvant treatment
(2). Conversely, a substantial number of patients classified as high-
risk surprisingly evidence no disease recurrence many years after
treatment. Respecting the current emphasis on personalized
medicine, we ideally seek as much information as possible
concerning a patient’s prognosis prior to determine the most
effective therapeutic approach, avoid overtreatment, and prevent
treatment-related morbidity. Current European guidelines classify
patients into five prognostic risk groups based on final tumor stage
and histological characteristics (3). However, in the preoperative
setting, risk stratification can be challenging owing to the lack of
certain essential definitive histology information such as
lymphovascular space invasion (LVSI) and myometrial invasion.

Lymph node (LN) involvement is an important issue that
impacts treatment approach and is related to poor prognosis.
Two large randomized trials (4, 5) renounced the curative
significance of lymphadenectomy. Nowadays, pelvic and para-
aortic lymphadenectomy (PLN and PALN) are mainly
considered as staging tools with substantial morbidity (6).
According to the recent European guidelines, sentinel node
biopsy (SNB) is an alternative to full lymphadenectomy in
low/intermediate-risk stage I/Il EC and can also be considered
in high-intermediate and high-risk stage I/II groups (3).

In order to identify preoperatively which patients are at risk for
lymph node metastasis (LNM), the endometrial cancer preoperative
risk stratification (ENDORISK) was constructed within the
ENITEC network (European Network of Individal Treatment in
Endometrial Cancer) (7). This is a machine learning-based
computational Bayesian networks model, which predicts the
probability of LNM and 5-year disease specific survival (DSS)
in EC cases. This ENDORISK model has been validated forthwith
using two multicentric cohorts: MoMaTEC (the Molecular Markers
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in Treatment in Endometrial Cancer) (8) and PIPENDO (the
Plpelle Prospective ENDOmetrial carcinoma) study (9). The
diagnostic accuracy was 0.82 and 0.84, respectively. Input data
contains preoperative clinical and histological characteristics. Since
the original model consisted of a notably heterogeneous patient
group from many countries with possible treatment decision
divergencies, we were questioning how this model would perform
within our patient cohort with very well-structured and collected
preoperative clinical/histological data, adjuvant treatment, and
follow-up.

Our aim was to validate the ENDORISK model’s accuracy
and the applicability within the current SNB staging era. Since
the model was constructed based on full lymphadenectomy, our
further objective was to evaluate the model’s potential accuracy
bias by introducing the SNB method. Additionally, we wanted to
verify the model’s performance within advanced EC stages. Our
study points out the weaknesses and strengths of the original
ENDORISK model and proposes certain modifications in order
to utilize the model within the actual and real clinical
practice worldwide.

Methods
Patient cohort

We evaluated the ENDORISK model in our retrospectively
collected study cohort including 425 patients treated at the
University Hospital Brno, Czech Republic. Our cohort evolved
from an EC database of 835 patients treated between January
2006 and May 2021. Cases that were incorporated in the
original ENDORISK model (N = 150) and those without the
minimally required data for using ENDORISK (N = 240)
were excluded.

We assessed clinical and histological characteristics from the
EC database and patients’ medical records: age, BMI, follow-up
length, preoperative tumor grade/histotype, estrogen receptor
(ER), progesterone receptor (PR), L1 Cell Adhesion Molecule
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(L1CAM), p53 expression, cancer antigen (Ca) 125 serum level,
platelet count, preoperative cervical cytology result,
lymphadenopathy according to imaging methods, myometrial/
cervical invasion, LVSI, clinical/surgical staging, LN staging
method, LNM, and adjuvant treatment.

All patients underwent preoperative biopsy via hysteroscopy
or dilatation and curettage, imaging staging procedures with
expert ultrasound and computed tomography (CT) scan to
detect local or distant disease spread, and retroperitoneal
lymphadenopathy. Patients were allocated to the clinical FIGO
(International Federation of Gynecology and Obstetrics) (2009)
stages. Subsequently, patients were classified into low- and high-
risk groups. The low-risk group was defined as endometrioid/
mucinous carcinoma, clinically FIGO stage 1A or 1B, grade 1;
and endometrioid/mucinous cancer clinically FIGO 1A, grade 2,
all without clinical or imaging evidence of lymphadenopathy or
distant metastases. When the low-risk criteria were not met,
patients were considered high risk.

Surgical treatment

Hysterectomy with bilateral salpingo-oophorectomy as basic
surgical treatment was performed with an abdominal or
laparoscopic approach. In addition, high-risk patients
underwent systematic para-aortic/pelvic lymphadenectomy
(historically pelvic lymphadenectomy only)—at least five LNs
from each hemipelvis and 10 from the para-aortic region were
removed. Since 2019, systematic lymphadenectomy has been
replaced by SNB in all EC patients regardless of their
preoperative risk group. Currently, lymphadenectomy is
limited to patients experiencing bulky LNs on preoperative
imaging or perioperative finding.

Sentinel node ultrastaging

Regarding sentinel node methodology, we used intracervical
indocyanine green injections and searched for the nodes with an
endoscopic fluorescence imaging camera (Novadaq Pinpoint).

All sentinel LNs were fixed in 10% buffered formalin, sliced
at 2-mm lamellas, embedded in paraffin, and further examined
by ultrastaging protocol. This protocol consists of two
consecutive 4-um thick sections obtained in regular 200-pum
intervals, which are cut from each paraffin block. The first
section was stained with hematoxylin and eosin, and the
second section was examined with cytokeratins (AE1/3). We
classified micrometastasis (0.2-2 mm) together with
macrometastases (>2 mm) as LN positive, whereas isolated
tumor cells (<0.2 mm or single cells/clusters of cells <200 cells
in a single LN cross-section) were considered LN negative.
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Immunohistochemical analysis

The experienced gynecological histopathologist (J. H.)
examined all hematoxylin and eosin-stained slides to
confirm preoperative histological subtype and grade.
Immunohistochemical staining was effected on formalin-
fixed and paraffin-embedded tissue sections. LICAM
positivity was defined as distinct membrane staining
in 210% of tumor cells. ER and PR were considered positive
when there were 210% of tumor cells with nuclear staining.
p53 was classified into wild type or mutant (strong diffuse
overexpression in more than 90% of tumor cells or completely
negative) phenotypes.

Statistical analysis

Following the original ENDORISK model validation, we
used preoperative tumor grade, at least three IHC markers
(ER, PR, p53, or LICAM) and at least one of the clinical
preoperative markers (CA 125 serum level, LN status
according to imaging method, platelet count, or pap smear
result) as the minimal input data. A five-year follow-up (in the
5-year DSS group) and LN staging procedure (in the LNM
group) were available in all included cases.

Probabilities of LNM and 5-year DSS were calculated for
each patient and compared with observed reality. (i)
Discrimination testing was assessed using a receiver operating
characteristic (ROC) curve generated by plotting sensitivity
against 1-specificity. Discriminating performance was
quantified based on the AUC (area under the curve). (ii) The
model’s overall performance was quantified by the Brier score,
which is the mean squared difference between each predicted
probability and the observed outcome; a lower Brier score
indicates better accuracy of probabilistic predictions. (iii)
Calibration was visualized using a calibration plot, in which
the predicted outcome was plotted against the observed
outcome. To quantify model calibration, the predicted number
of events (i.e., sum of each predicted probability) was compared
with the observed number. (iv) Concordance between the
ENDORISK model, our data, and recent DSS prediction was
undertaken by using UK. Uterine cancer survival data for
different FIGO stages (10). Sensitivity analysis was
accomplished by omitting patients with only SNB. Analyses
were achieved in R (4.1.1) with the bnlearn (4.7), pROC (1.18.0),
DescTools (0.99.44), and caret (6.0-90) packages.

Ethics approval

Our study was approved by the University Hospital Brno
Ethics Committee, Approval Number 06-151221/EK. All
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patients signed informed consent for histology sample storage,
scientific use, and publication purposes.

Results

Among the 835 patients in our EC database treated between
January 2006 and May 2021, 299 patients were involved in our
DSS analysis; 226 cases were available for LNM analysis
(Figure 1). Table 1 summarizes clinical data, histological
characteristics, and adjuvant treatment.

LNM analysis

A total of 226 patients were included in our LNM analysis:
84 (37%) PLN, 72 (32%) PLN+PALN, and 70 (31%) SNB. Forty-
one patients had at least one LNM (18%): 24 (59%) in pelvic,
three (7%) in para-aortic, and 14 (34%) in both localizations. A

All patients

10.3389/fonc.2022.939226

median of 27 and 22 LNs were removed during PLN and
PALN, respectively.

The AUC (0.84) and Brier score (0.11) indicated good
concordance between prediction and reality (Table 2,
Figure 2). Predicted/observed ratio displayed non-significant
underestimation (0.76; 95% CI 0.49-1.03). Results from
sensitivity analysis, where cases with SNB were excluded, were
comparable (Supplementary Material: Table 1, Figure 1),
indicating that involvement in the main analysis did not alter
the accuracy of ENDORISK.

Figure 3 shows LNM prediction and reality for the different
clinical FIGO stages (Supplementary Figure 2 complements
surgical stages).

DSS analysis

Only patients with at least 5 years of follow-up or who died
from EC were included (N = 299). The AUC was 0.86 (95% ClI,

Evaluation cohort

(N=835)
Used in Cases used in
—— developing <+— | developing ENDORISK
cohort (N=150) cohort were excluded
Missing data
(N=240)

Only patients with available data
were included:

_ - - Tumor grade
(N=445) - At least three IHC markers
- Atleast one clinical marker
LNM cohort DSS cohort
(N=226) (N=299)

f

f

Incl. patients with PLN
+/- PALN or SNB
(excluded in sensitivity
analysis)

Incl. patients with at
least 5-year follow-up,
patients died from EC

FIGURE 1

Cohort development. The evaluation cohort was developed using all patients from our clinical database treated between January 2006 and May
2021 with available data and lymph node staging (LNM cohort) and/or 5-year follow-up (DSS cohort). IHC, immunohistochemical; LNM, lymph
node metastasis; DSS, disease specific survival; PLN, pelvic lymphadenectomy; PALN, para-aortal lymphadenectomy; SNB, sentinel node biopsy;

EC, endometrial cancer.
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TABLE 1 Clinical and histological characteristics.

Variable

LNM cohort

10.3389/fonc.2022.939226

5- year DSS cohort

Total N

Age (years)

BMI (kg/m?)

Follow up length (month)

N =226
64.5 (59.0 to 68.8)
30.0 (26.0 to 34.0)
35.2 (13.0 to 90.6)

N = 299*
65.0 (59.0 to 72.0)
32.0 (27.0 to 36.0)
91.8 (64.5 to 122.2)

Preoperative tumor grade 1 38 (16.8) 62 (20.7)
2 103 (45.6) 171 (57.2)
3 85 (37.6) 66 (22.1)
ER expression Negative 28 (12.4) 23 (7.7)
Positive 198 (87.6) 276 (92.3)
PR expression Negative 42 (18.6) 38 (12.7)
Positive 184 (81.4) 261 (87.3)
L1CAM expression Negative 175 (77.4) 258 (86.3)
Positive 48 (21.2) 40 (13.4)
Unknown 3(1.3) 1(0.3)
P53 expression Wild type 185 (81.9) 244 (81.6)
Muttated 37 (16.4) 37 (124)
Missing 4(18) 18 (6.0)
Ca-125 Negative (<35) 167 (73.9) 195 (65.2)
Positive (35+) 47 (20.8) 63 (21.1)
Unknown 12 (5.3) 41 (13.7)
Trombocytosis No 215 (95.1) 279 (93.3)
Yes 7 (3.1) 11 (3.7)
Unknown 4(1.8) 9 (3.0)
Imaging results No lymphadenopathy 210 (92.9) 271 (90.6)
Lymphadenopathy 11 (4.9) 10 (3.3)
Unknown 5(2.2) 18 (6.0)
Cervical cytology Normal 143 (63.3) 200 (66.9)
Abnormal 7(3.1) 4(1.3)
Unknown 76 (33.6) 95 (31.8)
Histological subtype Endometrioid 186 (82.3) 275 (92.0)
Non-endometrioid 40 (17.7) 24 (8.0)
Myometrial invasion less then 50% 129 (57.1) 200 (66.9)
more then 50% 97 (42.9) 99 (33.1)
Cervical invasion No 193 (85.4) 266 (89.0)
Yes 33 (14.6) 33 (11.0)
FIGO stage (surgical) 1A 108 (47.8) 180 (60.2)
B 41 (18.1) 58 (19.4)
il 29 (12.8) 30 (10.0)
A 5(22) 9 (3.0)
1B 1(0.4) 1(0.3)
1mc 38 (16.8) 16 (5.4)
v 4(1.8) 5:(1.7)
LVSI No 170 (75.2) 271 (90.6)
Yes 53 (23.5) 24 (8.0)
Unknown 3(1.3) 4(1.3)
Type of lymphadenectomy PLN 84 (37.2) 68 (22.7)
PLN+PALN 72 (31.9) 31 (10.4)
SNB 70 (31.0) 1(0.3)
Unknown 0 (0.0) 199 (66.6)
(Continued)

Frontiers in Oncology

196

05

frontiersin.org



Vinklerova et al.

TABLE 1 Continued

10.3389/fonc.2022.939226

Variable LNM cohort 5- year DSS cohort
Lymph nodes Negative 185 (81.9) 87 (29.1)
Positive 41 (18.1) 17 (5.7)
Unknown 0 (0.0) 195 (65.2)
SNB Negative 65 (28.8) 1(0.3)
Positive 5(22) 0 (0.0)
Unknown 156 (69.0) 298 (99.7)
Adjuvant treatment None 84 (37.2) 163 (54.5)
RT 94 (41.6) 106 (35.5)
CHT 17 (7.5) 14 (4.7)
CHRT 27 (11.9) 9 (3.0)
Unknown 4 (1.8) 7 (2.3)

*n (%); Median (IQR).

DSS, disease-specific survival; LNM, lymph node metastasis; BMI, Body Mass Index; ER, Estrogen receptor; PR, Progesterone receptor; LICAM, L1 cell adhesion molecule; LVSI,
lymphovascular space invasion; PLN, pelvic lymphadenectomy; PALN, para-aortic lymphadenectomy; SNB, sentinel node biopsy; RT, radiotherapy; CHT, chemotherapy; CHRT,

chemoradiotherapy.

0.79-0.93), Brier score 0.09. Five-year DSS prediction was well
calibrated with a trend toward overestimating survival among
the lower predicted survival rates (Figure 4 and Table 2).

Figure 5 displays the 5-year DSS prediction compared with
reality and expected survival according to previously published
probability (10) in different clinical FIGO stages (Supplementary
Figure 3 expands on surgical stages).

Discussion

In the era of personalized medicine, we aim to have optimal
information concerning a prognosis to facilitate adequate shared
decision-making with the patient and define the most
appropriate treatment decision. The ENDORISK model
definitively contributes to the preoperative knowledge on risk
of LNM and DSS.

Several EC predictive models have been published and focus
on discriminating patients pre- and postoperatively into risk
groups with predicting LNM or outcome. Previous models used

TABLE 2 Model concordance statistics.

AUC (95% CI)

Brier score

Predicted no. of events
Observed no. of events

Predicted/observed ratio (95% CI)

0.76 (0.49-1.03)

traditional clinicopathological characteristics including LVSI,
myometrial invasion, histotype, grade, age, and/or BMI (11,
12). So far, results were only moderate and, currently, additional
immunohistochemical markers are already frequently used in
the clinic: ER, PR, LICAM, p53, Ki67 (13, 14). Some authors also
included imaging information such as tumor diameter,
myometrial/cervical invasion, or lymphadenopathy (15, 16).

The original multivariate analysis is based on a simple
graphic calculating tool called nomogram. Jiang et al.
published an LNM prediction model based on histological and
IHC markers with a sensitivity of 82.8% and specificity of 82.7%
(AUC 0.9) (14). However, this model cannot be applied when
certain data are missing. Moreover, information on LVSI is
required, which limits the use of the model in a preoperative
setting. Similar results were presented with an effort to predict 3-
year recurrence-free survival (sensitivity 76.5%, specificity
86.7%, AUC 0.82) with comparable limitations (including
LVSI, all data required) (13).

With the development of computer technology, a Bayesian
network has become more accessible, used for determining

LNM 5-year DSS
0.84 (0.77-0.9) 0.86 (0.79-0.93)
0.11 0.09
31.2 2717
41 262

1.04 (0.91-1.16)

Both AUC and Brier score substantiate very good concordance between prediction and reality in general across the dataset. Discriminative performance was quantified based on AUC (a
higher AUC indicates better performance). Overall model performance was quantified by the Brier score (a lower Brier score characterizes better accuracy of the probabilistic predictions).
The predicted/observed ratio <1 denotes a lower prediction than reality, whereas a ratio >1 signals overestimation compared with reality. If 95% CI includes value 1, the difference is non-
significant.

AUC, area under the curve; CI, confidence interval; DSS, disease specific survival; LNM, lymph node metastasis.
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probable relationships and causalities based on expert
knowledge with machine learning. An enormous advantage is
that it can be applied, even when some patient characteristics are
absent, which often occurs in clinical practice. The ENDORISK
model was established with a variety of pre- and postoperative
information, yet it could be applied exclusively with preoperative
data. Minimally required data to work properly include (1)
preoperative tumor grade, (2) minimally three of four THC
markers (ER, PR, p53, or LICAM), and (3) at least one clinical
biomarker (CA 125 serum level, LN status according to imaging
method, platelet count, or pap smear result) (7).

The original model was created cognizant of histologic results
from pelvic and para-aortic LN staging. Nowadays, complete
lymphadenectomy is not the standard practice with all patients,
and less invasive SNB is recommended with a low/intermediate-risk

disease (3). Certain authors prefer this method even in high-risk
cases (17). Isolated para-aortic nodal metastasis (notwithstanding
negative pelvic nodes) occurs in approximately 1% of surgically
staged cases (18). Consequently, we decided to also include patients
with only pelvic dissection or SNB, reflecting current diagnostic
practice. Sensitivity analysis, excluding SNB cases, presented
comparable results, supporting the results of the complete study
cohort (Supplementary Figure 1).

Historically, knowing the potential preoperative risk of LNM
guided whether or not para-aortic-pelvic lymphadenectomy was
indicated. Currently, SNB is preferred not only in low- but also
in high-risk EC and might reduce the benefit of preoperative risk
stratification. Yet, based on the very low risk in EC patients
without myometrial invasion, LN staging could be omitted in
these cases (3). If patients with truly low risk of LNM (<5%)

B Predicted risk of LNM

Observed frequency of LNM

FIGURE 3
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Lymph node metastasis prediction versus reality in different clinical FIGO stages. Gray boxes represent the model's prediction; green rhombuses
indicate the real LNM frequency. Ideally, all green rhombuses lie in gray boxes. In clinical FIGO IlII-IV stages, ENDORISK predicts fewer cases of
LNM than reality. LNM, lymph node metastasis; FIGO, International Federation of Gynecology and Obstetrics

Frontiers in Oncology

198

07

frontiersin.org



Vinklerova et al.

10.3389/fonc.2022.939226

00

Observed proportion of survived patients (%)

.

N=12 N=27 N=71 N=189

FIGURE 4

predicted survival rates. DSS, disease-specific survival

50
Predicted DSS (%)

Five-year disease-specific survival calibration plot of observed versus predicted events. A dashed line displays the predicted value; black dots
represent observed DSS. Ideally, all black marks are lying on the dashed line. There is a trend toward overestimating survival in the lower

75 100

could be properly identified preoperatively by using the
ENDORISK model, SNB could be safely omitted in those
hospitals where this technique is not available. An interesting
question is whether it is necessary to provide LN staging in all
EC types or if, according to other preoperative markers, we could
abandon it. In an era of SNB staging practice, the ENDORISK
model for LNM prediction could be used in hospitals, where this
method is not available. Additionally, it could be supportive if
SNB fails and side-specific lymphadenectomy is considered,
especially in obese and fragile patients.

Our LNM prediction results were comparable with
validation on MoMaTEC cohort: AUC 0.84 versus 0.82, Brier

score 0.11 versus 0.09. The model very precisely predicts LNM in
early stages, albeit underestimates clinically advanced
carcinomas (Figure 3). For example, in patients with
preoperative suspicion of LNM according to imaging methods,
the ENDORISK model estimated an average probability of only
51% (25-78%). In fact, all were finally LNM positive. This might
be explained by the low number of advanced cases; however, the
model should be able to predict even worse stages.

ENDORISK model validation for 5-year DSS with our cohort
displayed very similar results with previous cohorts MoMaTEC and
PIPENDO, evaluated as well adjusted according to AUC (0.82,
0.84) and Brier score (0.12, 0.10) (7). Nevertheless, when using

FIGURE 5
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Five-year disease-specific survival prediction versus reality versus expectation in different clinical FIGO stages. Gray boxes represent the model’s
prediction, green rhombuses indicate the real 5-year DSS, and pink dots denote expected 5-year survival according to surgical FIGO stages (10).
Ideally, all green rhombuses lie in gray boxes. In clinical FIGO IlI-IIl stages, ENDORISK predicts much better survival than reality. Only one patient
was preoperatively categorized into FIGO IV stadium—the survival result implies her misclassification. DSS, disease-specific survival; FIGO,
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calibration plots to visualize the results, predictive value was
obviously outstanding only for low-risk patients and significantly
overrated for high-risk patients. This phenomenon was even more
evident when patients were classified according to clinical FIGO
stages (Figure 5). Definitely, the most accurate results were
achieved, when the final surgical stage was applied
(Supplementary Figure 3); nevertheless, this information is
unknown preoperatively.

The FIGO stage is an important independent factor affecting
survival, even during molecular classification times. The average
5-year survival is declining from 92% in stage I, 74% within stage
II, and 48% in stage III to only 15% in stage IV (10). The
ENDORISK model, currently, does not include information
about the clinical stage disease (except for “enlarged lymph
nodes on imaging”), even though, there are other possibilities for
attaining these data. An expert oncogynecologic ultrasound or
magnetic resonance imaging (MRI) is suitable for myometrial
and cervical invasion detection; a CT scan can identify distant
metastasis (19). Although myometrial invasion <50% of >50% is
incorporated in the ENDORISK network, it is currently based on
final histology, yet might be a very valuable addition to the
model when determined preoperatively by either ultrasound or
MRI. In addition, ultrasound-measured tumor-free distance
from the tumor to the uterine serosa is another promising
marker for predicting deep myometrial invasion and poor
prognosis (20), which might be incorporated in an updated
version of the network.

Even when we situate the worst clinical and histological
characteristics into the model, the lowest survival prediction was
66%. This seems not in line with the published survival data of
only 48%/15% in stage ITI/IV (10). Nevertheless, the number of
cases with advanced stage in our cohort was limited and, hence,
validation in larger cohorts is needed.

ENDORISK is one of the most complex risk stratification
models so far. The authors imperiously searched the literature
for potential relevant risk factors and assigned them statistically
significant prognostic values. Unlike other models, ENDORISK
could be applied even with strictly preoperative and incomplete
information. However, as we ascertained, there is a need for
further improvement before introduction into clinical practice.
Clinical FIGO stage extension would definitively increase the
model’s accuracy. Additionally, the incorporation of molecular
classification would be highly relevant and is currently prepared
in the ENDORISK 2.0.

Forthwith, we present the first unicentric ENDORISK model
validation study, indicating a capacity for consistent treatment
decisions and high-quality follow-up data. Innovatively, we have
confirmed its application with SNB cases. Furthermore, we have
suggested certain ancillary improvements to achieve better
results among advanced cases that need to be considered when
updating the ENDORISK network.
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Conclusions

ENDORISK is one of the best and most complex preoperative
risk stratification models promulgated at this point in time.
Nevertheless, there is still a place for improvement, particularly
with survival prediction. Including clinical FIGO staging would
increase model accuracy in advanced disease cases. In this SNB
era, preoperative LNM predictive importance is waning; however,
since SNB is not yet standard procedure in all countries,
ENDORISK could be a helpful factor in decision-making
regarding lymphadenectomy. With molecular classification’s
inclusion into clinical practice, the ENDORISK model’s authors
should consider its incorporation as well.
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7 Conclusions

This habilitation thesis is presented as a collection of previously published scientific
articles focused on advancing individualized care in patients with endometrial cancer.
The author’s work reflects a consistent effort to move beyond conventional treatment
paradigms by incorporating molecular classification, expert ultrasonography, risk
stratification tools, and precision surgical approaches into routine clinical practice. The
research was primarily conducted at the Department of Gynecology and Obstetrics,
University Hospital Brno, in collaboration with international centers, especially under

the umbrella of ENITEC, of which the author is an active member.

The thesis is divided into four core sections: diagnostic and screening strategies,
molecular classification and prognostic markers, lymph node staging, and predictive

modeling.

e Diagnostic and Screening:
The author’s early publications address the challenge of overdiagnosis in
asymptomatic women with incidental ultrasound findings. Studies demonstrated that
ultrasound-detected endometrial polyps or hyperplasia, in the absence of clinical
symptoms, do not independently justify invasive biopsy. Instead, individualized
decision-making—based on patient age, BMI, symptomatology, and sonographic risk
features—is advocated. Furthermore, a large cohort study found no significant
difference in overall or disease-specific survival between asymptomatic and
symptomatic patients diagnosed with EC, reinforcing the notion that early diagnosis in
asymptomatic women does not necessarily translate to better outcomes. These
findings support a more nuanced, risk-adapted approach to endometrial assessment

rather than a blanket biopsy policy.

e Molecular Classification and Prognostic Markers:
A key element of the thesis is the integration of the TCGA-based molecular
classification into clinical decision-making. The author’s contributions include real-
world implementation data showing that incorporation of POLE mutation analysis and
immunohistochemistry for MMR proteins and p53 is feasible and does not delay

treatment planning. Importantly, the introduction of molecular classification altered
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risk stratification in a significant proportion of patients, potentially changing adjuvant
therapy and surgical recommendations.

Moreover, the author participated in multicenter studies demonstrating that
traditional biomarkers, such as estrogen and progesterone receptor status, retain
independent prognostic value within molecular subgroups. For instance, in p53-
abnormal tumors, high progesterone receptor expression was associated with
markedly improved disease-specific survival, underscoring the continued relevance of
hormonal profiling in EC. Similarly, the evaluation of serum biomarkers such as DJ1
and L1CAM was explored for potential use in post-treatment surveillance, although

further validation is required.

¢ Lymph Node Staging:

Another major theme of the thesis is the evolution of lymph node staging. The author
contributed significantly to the adoption and refinement of SNB in endometrial cancer.
Multiple prospective and retrospective studies highlighted the safety and efficacy of
SLN mapping using CG, particularly in early-stage disease. Risk factors for unsuccessful
bilateral mapping—such as high BMI, older age, and uterine myomas—were identified
to guide surgical planning.

The international SENECA study, to which the author contributed, analyzed SLN
involvement across molecular subtypes. p53mut and MMRd tumors exhibited the
highest rates of nodal metastasis, but overall, molecular classification did not
outperform histopathologic parameters in predicting nodal disease. These findings
support the continued use of surgical staging algorithms while incorporating

molecular data into broader risk assessment.

e Predictive Models:
The final section of the thesis presents a forward-looking view of individualized care
through predictive modeling. The author contributed to both the development and
validation of models such as ENDORISK, a Bayesian network designed to predict lymph
node metastasis and survival using preoperative clinical, histological, and molecular
data. The model demonstrated high accuracy, especially in low-risk patients, but
tended to underestimate risk in advanced-stage disease. In another original study, the

inclusion of immunohistochemical markers—such as p53, PR, ER, and L1CAM—
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significantly improved preoperative risk stratification accuracy, supporting their

integration into routine diagnostics.

The body of work presented in this habilitation thesis demonstrates a comprehensive
and multifaceted approach to individualizing care for patients with endometrial
cancer. The integration of molecular diagnostics, targeted biomarker assessment,
refined surgical techniques, and predictive analytics provides a robust framework for
personalized treatment planning. The findings support a paradigm shift toward
biology-driven, evidence-based decision-making in endometrial cancer, ultimately
aiming to optimize outcomes while minimizing overtreatment. This work highlights
the critical importance of cross-disciplinary collaboration, adherence to evolving
international guidelines, and the need for continuous innovation in gynecologic

oncology.
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8 Commentary

The habilitation thesis entitled “Individualized Approach to Patients with Endometrial
Cancer” is presented as a thematically integrated collection of original scientific papers
that collectively document the author’s systematic and long-term contribution to
advancing personalized care in gynecologic oncology. With a focus on endometrial
carcinoma, the thesis addresses key areas of modern patient management, including
early diagnostics, molecular profiling, individualized surgical staging, and predictive
modeling. The central aim of the work is to improve risk-adapted clinical decision-
making by implementing biologically and clinically informed strategies that enhance
diagnostic precision, optimize therapeutic planning, and ultimately contribute to
better patient outcomes.

The methodologies employed across the included studies are diverse and
appropriately selected for the posed research questions. They encompass both
prospective and retrospective cohort designs, largely conducted at the Department of
Obstetrics and Gynecology, University Hospital Brno, often in collaboration with
leading European research centers, especially under the auspices of the ENITEC
(European Network for Individualized Treatment in Endometrial Cancer) consortium.
The author utilizes advanced ultrasound diagnostics, immunohistochemical and
molecular-genetic analysis (including mismatch repair protein expression, POLE and
TP53 mutation testing), and statistical modeling approaches such as Bayesian
networks and decision trees. Multicenter collaboration and large patient cohorts
further strengthen the robustness and clinical relevance of the findings.

Among the most significant outcomes of the thesis is the clarification of the clinical role
of ultrasound and endometrial biopsy in asymptomatic patients. The author’s work
demonstrates that in the absence of bleeding or other risk features, the detection of
polyps or hyperplasia on ultrasound should not be considered an automatic indication
for biopsy. Furthermore, her data show that early detection of endometrial cancer in
asymptomatic women does not translate into improved survival when adjusted for
tumor stage and biology, supporting a more individualized, risk-adapted diagnostic
approach.

In the area of molecular classification, the author demonstrates that routine

application of immunohistochemistry for mismatch repair proteins and p53,
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supplemented by POLE sequencing where indicated, is both feasible and clinically
impactful. Implementation of molecular stratification led to a reclassification of risk
categories in a substantial number of patients and thus influenced recommendations
for surgical procedure and adjuvant therapy. The clinical relevance of traditional
biomarkers such as estrogen and progesterone receptors is also revisited, with new
evidence confirming their independent prognostic value even within molecular
subtypes. Pilot study on serum biomarkers such as D]J1 and L1CAM suggests potential
for treatment monitoring and early recurrence detection, although further validation
is needed.

A particularly strong part of the thesis lies in its contribution to refining lymph node
staging. The author has conducted both single-center and multicenter studies on
sentinel lymph node biopsy using indocyanine green, identifying key predictors of
mapping failure and supporting its adoption as the standard staging procedure. These
findings are corroborated by her contribution to the international SENECA study,
which examined the correlation between sentinel node involvement and molecular
subtypes. Although p53-abnormal and MMR-deficient tumors had higher nodal
positivity rates, molecular classification did not yet surpass histopathological criteria
in predictive accuracy, emphasizing the complementary rather than substitutive role
of molecular data in surgical planning.

In the final part of the thesis, the author explores predictive modeling as a tool for
individualized care. She contributed to an external validation of the ENDORISK model,
which uses clinical, histological, and molecular data to predict lymph node metastases
and disease-specific survival. The model performed with high accuracy in low-risk
patients, highlighting its value in preoperative planning. Another original study
showed that incorporating immunohistochemical markers into existing diagnostic
models significantly improved risk stratification, further supporting the integration of
molecular pathology into daily practice.

MUDr. Petra Bretova, Ph.D,, is either the first or corresponding author in a large
proportion of the included publications. Her contribution consistently includes the
formulation of research hypotheses, design of methodology, clinical data collection,

statistical analysis, and manuscript preparation. In multicenter settings, she has
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assumed responsibility for coordinating data acquisition, ensuring methodological
rigor, and participating in critical manuscript revisions.

In conclusion, this habilitation thesis presents a comprehensive, methodologically
rigorous, and clinically relevant body of work that significantly advances
individualized management in endometrial cancer. The results are well-validated,
thoroughly discussed, and directly applicable to clinical practice. The author’s
contributions meet all the criteria for independent scientific work and academic

promotion.
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9 List of Abbreviations

Abbreviation Full Term

Al
AUC
BMI
CA125
CI
CT
DFS
DNA
DSS
EC
EIN

ENITEC

ER
ESGO
ESP
ESTRO
FIGO
HE4
HER2
HR

ICG
IETA
IF

IHC
ITC
LNM
L1CAM
LVM
LVSI
MIC
MIS
MLH1
MMR
MMRd
MSI
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Artificial Intelligence
Area Under the Curve
Body Mass Index

Cancer Antigen 125
Confidence Interval
Computed Tomography
Disease-Free Survival
Deoxyribonucleic Acid
Disease-Specific Survival
Endometrial Cancer
Endometrial Intraepithelial Neoplasia

European Network of Individualized Treatment in Endometrial
Cancer

Estrogen Receptor

European Society of Gynaecological Oncology
European Society of Pathology

European Society for Radiotherapy and Oncology
International Federation of Gynecology and Obstetrics
Human Epididymis Protein 4

Human Epidermal Growth Factor Receptor 2

Hazard Ratio

Indocyanine Green

International Endometrial Tumor Analysis
Impact Factor (according to Journal Citation Reports)
Immunohistochemistry

Isolated Tumor Cells

Lymph Node Metastasis

L1 Cell Adhesion Molecule

Low-volume Metastasis

Lymphovascular Space Invasion
Micrometastasis

Minimally Invasive Surgery

MutL Homolog 1

Mismatch Repair

Mismatch Repair deficiency

Microsatellite Instability



Abbreviation Full Term

MSH2
MSH6
NGS
NSMP

0S
p53mut
PARK7
PMS2
POLE
POLEmut
PR
Q1/Q2/Q4
SENECA
SLN

SNB

Tc99
TCGA

MutS Homolog 2

MutS Homolog 6

Next-Generation Sequencing

No Specific Molecular Profile

Overall Survival

p53-Mutation

Parkinson’s disease-associated protein 7

Postmeiotic Segregation Increased 2

DNA Polymerase Epsilon

DNA Polymerase Epsilon mutated phenotype

Progesterone Receptor

Quartile rankings for journal impact factor (e.g., Q1 = top 25%)
Staging ENdomEtrial CAncer based on molecular classification
Sentinel Lymph Node

Sentinel Node Biopsy

Technetium-99m

The Cancer Genome Atlas
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