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1. Uvod

Koncept habilita¢ni prace je zalozen na souboru komentovanych vybranych publikaci, které
odrazeji autorovu védecko-vyzkumnou ¢innost podlouzenou dosavadni klinickou praxi v oblasti
onkogynekologie, tedy v problematice zhoubnych nadori gynekologickych panevnich organd.
Onkogynekologie je jednou ze zakladnich subspecializaci oboru gynekologie a porodnictvi.
Ziskani této oborové subspecializace vyzaduje relativné dlouhou postgradualni piipravu,
pfedevsim vzhledem k nezbytnému poctu provedenych operacnich vykonta a ziskani kvalitni a
komplexni praktické erudice v onkochirurgii. Na druhou stranu soucasti specializace je
adekvatni diagnostika onemocnéni, podil na provedeni kvalitniho pfedopera¢niho stagingu i
znalost komplexni protinadorové 1é¢by, véetné podavani chemoterapie a podptrné 1é¢by.

Vincidenci gynekologickych zhoubnych nadori obsazuje Ceska republika dlouhodobég
nelichotivd pfedni mista ve svétovych tabulkach. Nejcastéjsi gynekologickou malignitou je
karcinom délozniho téla, ktery je ctvrtym nejcastéjSim nddorem v populaci Ceskych Zen a jeho
incidence patii spole¢né s USA K nejvyssim na svété [1]. RovnéZ incidence karcinomu vajeéniku
patii mezi nejvyssi v Evrop€, ozehavost problematiky této malignity je navic znasobena
neexistujicim screeningem nemoci, pfevazujicim zachytem v pokrocilych stadiich nemoci a s tim
Spojenou neptiznivou prognodzou. V incidenci karcinomu délozniho hrdla pfevySujeme i pies
existenci screeningového programu stale témét trojnasobné ty zemé Evropské unie, které se
vyznacuji nejlépe fungujicim plo$nym screeningem. Patrny pomaly narist v incidenci se tyka
karcinomu zevnich rodidel, pouze v ptipad¢ karcinomu pochvy ziistava incidence dlouhodobé
nizka. V absolutnich poétech onemocni v CR kazdy rok vice nez 4000 Zen zhoubnym nddorem
nékterého z gynekologickych panevnich organt, dle udajii z Narodniho onkologického registru

bylo v roce 2016 diagnostikovano 4254 novych gynekologickych malignit [2].



V poslednich letech je vénovéana velkd pozornost centralizaci péce o pacientky se zhoubnym
nadorem gynekologickych panevnich organti. Za timto uc¢elem je vytvotrena v ramci fakultnich ¢i
krajskych nemocnic sit’ tzv. center vysoce specializované zdravotni péce v onkogynekologii
neboli onkogynekologickych center. Hlavnim cilem je standardizace a zvySeni kvality
diagnostické a 1é¢ebné péce na podkladé vytvoreni specializovanych tymti. Koncentrace ptipadii
na urovni téchto center sekundarné vytvaii predpoklady pro rozvoj védecko-vyzkumnych aktivit

ve spolupraci s dal§imi klinickymi, preklinickymi a teoretickymi lékaiskymi obory.



2. Cile habilita¢ni prace

Habilitacni prace je rozélenéna do tii zékladnich kapitol, které jsou odrazem priorit autorova
odborného zajmu a jsou spojeny s piislusnymi publika¢nimi vystupy.

Prvni kapitola je veénovana problematice novych sérovych a molekularné biologickych
nadorovych markerd a moznostem jejich soucasného a potencidlniho budouciho vyuziti
Vv diagnostické praxi u vybranych gynekologickych zhoubnych nadort. Prvnim z nich je
karcinom endometria (d€lozniho téla), ktery reprezentuje nador sice s relativné dobrou
prognozou, ale zaroven se jednd o nejcastéj$i gynekologicky panevni zhoubny nador, jehoz
incidence ma v naSem geografickém prostoru setrvale se zvySujici tendenci. Druhym je
epitelialni nador vajecniku, ktery se naopak vyznacuje suverénné nejhor$i progndézou mezi
gynekologickymi malignitami.

Dalsi dvé kapitoly jsou vénovany preferované oblasti autorova odborného zajmu a sice operacni
1é¢bé zhoubnych nddorti gynekologickych panevnich organti, kterd vyzaduje specidlni erudici.
Prvni z nich analyzuje pfinos radikalni operacni 1é¢by primérnich nadort vaje¢niku a zevnich
rodidel a cytoreduk¢nich sekundarnich operaci u recidiv ovaridlniho nadoru. Zatimco feSeni
primarnich a recidivujicich zhoubnych nadorii vaje¢niku patfi z operacniho hlediska mezi
duting, problematika karcinomu zevnich rodidel je vyzvou do budoucna vzhledem k ménici se
incidenci jednotlivych gynekologickych malignit s predpokladanym nartistem zachytl pravé
tohoto nadoru. Posledni kapitola je v€novéana specifikim a moznym komplikacim radikalni

onkogynekologické operativy, které vyplyvaji prave z extendované radikality téchto vykont.



3. Nové sérové a molekularné biologické nadorové markery a moZnosti

jejich vyuziti v klinické praxi

Jednou z charakteristickych vlastnosti zhoubnych nadort je produkce tzv. nadorovych markert.
Ideédlni nadorovy marker by mél spliiovat urcita zékladni kritéria. M¢ly by jej produkovat jen
bunky maligniho nédoru, pfipadné¢ by byl pfitomen jen v jednom organu. M¢&l by dosahovat
vysokych koncentraci jiz pfi malém objemu nadoru (tj. v Casném stadiu onemocnéni) a hladiny
markeru by mély korelovat s objemem nadoru tak, aby série ziskanych hodnot reflektovala
klinicky pribeh nemoci a ndvrat hodnot k norm& by znamenal nepiitomnost nadoru. Idealni
nadorovy marker by mél dosahovat témét 100% senzitivity, specifity a pozitivni prediktivni
hodnoty. V tomto piipad¢ by identifikoval vSechny pacienty s malignim onemocnénim a
vyloucil by onemocnéni u lidi s negativni prediktivni hodnotou. Zasadni pro spravnou klinickou
interpretaci nalezii je urceni referenéni hodnoty nadorového markeru, tj. hodnoty, kterou
nepiekracuji sérové koncentrace 95% zdravych lidi nebo pacientli s nemalignim onemocnénim.
V onkogynekologii neni k dispozici nddorovy marker vyuzitelny pro screening spliujici
parametry 95% specificity a alespoit 90% senzitivity, na druhou stranu vSak nadorové markery
maji 1 v onkogynekologické problematice dulezit¢é misto. Kromé& podilu na diagnostickém
rozhodovani lze uvazovat o prognostickém vyznamu hodnot nddorovych markerti namétenych
pfed zahajenim 1écby, markery lze pouzit pfi monitorovani efektu zvoleného lé¢ebného planu,
dulezitou ulohu hraji pfi odhalovani perzistence nebo recidivy zhoubného nadoru [3].
Konven¢nim nadorovym markerem v onkogynekologii v problematice patologii endometria a
vajeCniku je antigen CA125, ktery vSak jako marker neni organové ani nadorové specificky.
Jeho zvySené hodnoty jsou detekovany rovnéz u zdravych zen za fyziologickych stavil
(menstruace, gravidita), mohou byt asociovany s nékterymi benignimi gynekologickymi procesy

nebo s nenadorovymi patologickymi stavy jinych organovych systéma [4].



Z toho vyplyva pokracujici tsili v hleddni algoritm@ pro efektivni vyuziti novych nadorovych
markerd, resp. jejich kombinaci. Autorovo usili je v tomto sméru zaméfeno na moznosti vyuziti
lidského epididymalniho proteinu 4 (human epididymis protein, HE4) a tzv. mikroRNA (malé,
proteiny nekodujici regulacni molekuly RNA) v souvislosti s karcinomem endometria a
vajecniku.

Human epididymis protein 4 patii do skupiny proteinii oznacovanych jako ,,whey acidic four-
disulfide core” [5]. Jeho produkce byla zjiSténa primarné v epitelu distalniho nadvarlete a
predpokladalo se, Ze jako protedzovy inhibitor je zapojeny do imunitnich pochodl a ovliviiuje
mj. proces zrani spermii [6,7]. Nasledné bylo zjisténo, ze HE4 je ve zvy$ené mife exprimovan
v souvislosti s maligni tkanovou transformaci, pfiCemz nejvys$i expresi z maligné
transformovanych epitelidlnich tkani vykazuji krom¢ plic tkané gynekologickych panevnich
organli, a sice vajeCniku (serézni, ev. endometroidni adenokarcinom) a endometria
(endometroidni adenokarcinom) [8,9]. Analyza markeru je mozna ze snadno dostupného
biologického materidlu, tedy zkrevniho séra, dalsim moznym biologickym materidlem
pro analyzu jsou tkanové bloky [10].

MikroRNA ptedstavuji v priméru 22 nukleotidii dlouhé jednotetézcové molekuly RNA, pficemz
prvni z nich byla objevena pied vice nez dvaceti lety. Jejich biogeneze zafind v buné¢ném jadru,
ve kterém se transkripci genti pro mikroRNA vytvafi dlouhy primarni transkript, pri-microRNA.
DalSim enzymatickym §tépénim pri-microRNA vznikd 70-100 nukleotidi dlouhd vlasenka (pre-
microRNA), kterd je transportovana do cytoplazmy, kde dochazi k dal§imu enzymatickému
Stépeni. Vysledkem je jednofetézcova molekula mikroRNA. MikroRNA se podili na regulaci
vSech kliCovych bunéénych funkci, jsou regulatory exprese genli na posttranskripéni trovni.
Ovliviluji tuto expresi vazbou na cilové mRNA, ktera vede k blokaci translace a Stépeni mRNA
[11]. U nadorovych onemocnéni jsou spojeny napt. s proliferaci bunék, migraci, invazivitou,

angiogenezi nebo rezistenci k chemoterapii. Ve vztahu ke kancerogenezi se zjednodusené



klasifikuji jako tumor-supresorové a onkogenni podle toho, jak reguluji mRNA onkogenu [12].
Jejich vyskyt neni omezen jen na buiiky, ale jsou pfitomny také v télnich tekutinach (krev,
plazma/sérum, moc, ascites) [13].

Kapitola je tématicky rozdélena do tii ¢asti. V ¢asti 3.1. se autor vénuje potencidlnimu piinosu
HE4 v diferencidlni diagnostice biologické povahy endometralnich 1ézi a zabyva se rovnéz
moznym piinosem tohoto markeru pro predoperacni stratifikaci pacientek s nejCastéji se
vyskytujicim (tj. endometroidnim) histotypem karcinomu endometria na podkladé analyzy
souboru pacientek operovanych v Onkogynekologickém centru FN Brno. Téma benefitu
markeru HE4 v diferencialni diagnostice biologické povahy ovarialnich 1ézi je analyzovano opét
na vlastnim souboru pacientek v ¢asti 3.2. této kapitoly. Posledni ¢ast (3.3.) se tykd vyuziti
mikroRNA v onkogynekologickém vyzkumu se zaméfenim na vySe uvedené malignity, tj.

endometria a vajecniku.
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3.1. Human epididymis protein 4 a jeho vyznam pro diagnostiku a prognézu karcinomu

endometria

Karcinom endometria je nejcastéj$i gynekologicky panevni nador v populaci Ceskych Zen
s postupné se zvysSujici incidenci. Nelichotivou skutecnosti je fakt, Zze jeho incidence patii
spole¢né s incidenci v USA dokonce mezi nejvySsi na svété [1]. Efektivni screeningova metoda
pro tento karcinom neexistuje. Diagnoza je provedena odbérem biopsie s histologickym
vysetfenim, piicemz bioptické ovéfeni je indikovano na zékladé klinické symptomatologie
a/nebo ultrazvukového nalezu (u asymptomatickych zen) [14].

Autoriv zajem Vtéto problematice je soustfedén dvéma hlavnimi sméry v souvislosti
s uplatnénim lidského epididymélniho proteinu 4. Prvni z nich souvisi s diferencialni
diagnostikou biologické povahy 1ézi sliznice d€lozniho téla. Ta je jednoznaéné déana
histologickym vysetfenim za predpokladu dostatecné reprezentativni biopsie. Druhou moznosti
je diferencialné diagnostickd rozvaha pomoci ultrazvukového nélezu, ktera vyzaduje precizni
erudici v ultrazvukové onkogynekologické diagnostice [15,16]. Dalsi moznosti s dosud
nevyplnénym prostorem je vyuziti jednoduse interpretovatelného laboratorniho markeru, ktery se
vyznacuje adekvatni senzitivitou a specificitou, je Siroce dostupny, jeho stanoveni je ekonomicky
efektivni a je mozné ho ziskat ze snadno dostupného biologického materidlu. Tim by byla
eliminovana nutnost uziti byt’ kratkodobé celkové anestezie v souvislosti s provedenim biopsie
(s benefitem zejména pro polymorbidni, interné kompromitované pacientky) nebo nedostupnost
sonografisty s adekvatni erudici v onkogynekologické problematice. Pacientky s pfedpokladem
benigniho néalezu by mohly byt vedeny pouze v dispenzarizaci bez nutnosti jakékoliv operacni
intervence, vcetn¢ pouze diagnostické. Perspektivni piinos vyuziti HE4 v diferencialni
diagnostice biologické povahy endometralnich 1ézi autor analyzoval pii soucasném srovnéani
s efektivitou konvenéniho nddorového markeru, tj. antigenu CA125, v pribchu vlastni klinické

praxe na souboru celkem 300 pacientek. V podsouboru malignit byly zahrnuty pacientky
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s dominantnim, tj. endometroidnim histotypem adenokarcinomu endometria, ktery reprezentuje
90% karcinoml endometria a rovnéz zastoupeni stddii nemoci kopirovalo relativné pfesné
realnou klinickou prezentaci karcinomu s ptevahou pacientek diagnostikovanych v ¢asnych
stadiich nemoci. Vysledky analyz potvrdily v ptipadé HE4 korelaci vyssich hladin s malignim
nalezem a statistickou signifikanci v diferenciaci benignich a malignich 1ézi endometria
ve srovnani s konven¢nim markerem, tedy antigenem CA125 (viz priloha 3.1.1.).

Druhy zakladni smér autorova zijmu je vénovan moznosti vyuziti HE4 v pfedoperacni
stratifikaci pacientek s endometroidnim histotypem adenokarcinomu endometria. Dle rozsahu
invaze do délozni stény a gradingu se nadory diferencuji do skupiny nizkého a vysokého rizika,
které se odliSuji rozsahem indikovaného chirurgického stagingu. Analyzovany pfistup je opét
alternativou Kk soucasnym stratifikanim nastrojim pouzivanym v klinické praxi. Tim je
na prvnim mist¢ dle standardnich pozadavki na vybavenost specializovanych
onkogynekologickych center moznost peroperacni frozen section v rezii patologa erudovaného
Vv problematice gynekologickych malignit [17-20]. Alternativou vyuzivanou nékterymi pracovisti
je doporuéeni erudovaného specialisty v onkogynekologickém ultrazvuku [21-23]. Analyza
115  pacientek s endometroidnim  adenokarcinomem  téla  délohy  léCenych
Vv Onkogynekologickém centru FN Brno srovnomérnym zastoupenim pacientek nizkého a
vysokého rizika potvrdila statisticky signifikantni rozdily v sérovych hladinach mezi témito
dvéma skupinami pacientek a konstatovala vyznam lidského epididymalniho proteinu 4 jako
presnéjsiho prediktoru v diferenciaci téchto dvou prognosticky rozdilnych skupin pacientek ve

srovnani s konvenénim markerem CA125 (viz pFiloha 3.1.2.).
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Abstract

Aim: An optimal surgical staging in the group of patients with the high-risk type of endometrial cancer is often
limited by age and serious internal comorbidities. Therefore, in this study we focused on human epididymis pro-
tein 4 and its contribution to the preoperative differentiation of prognostically distinct groups of patients and to
individualized surgical treatment as compared with cancer antigen (CA) 125 and imaging methods.

Material and Methods: The study included 115 patients with endometrioid adenocarcinoma diagnosed through
endometrial biopsy. Before the final operation, blood sampling was performed for the determination of human
epididymis protein 4 (HE4) and CA125 levels. Serum levels of both biomarkers were analyzed in relation to indi-
vidual prognostic factors (stage of disease, depth of myometrial invasion, tumor grade, risk type of disease).
Results: In the case of HE4, we demonstrated a statistically significant difference (P < 0.001) between patients
with low and high risk of the disease. In our model, achieving the maximum sum of sensitivity and specificity,
HE4 shows a sensitivity of 72.4% and a specificity of 75.4% for the cut-off 76.5 pmol/L and is a better predictor
in distinguishing the high-risk patients than CA125 (area under the curve 0.77 for HE vs 0.71 for CA125).
Conclusion: HE4 is a marker that could complement the findings of imaging techniques and that may be useful
in decision-making on how to individualize surgical staging. The possibility of its introduction as an independent
marker in routine practice remains, at the moment however, limited. The optimal cut-off for HE4 has not been
established yet and further studies are needed.

Key words: endometrial cancer, human epididymis protein 4, risk status of disease, surgical staging.

Introduction

The most common histological variant of endometrial
cancer is the endometrioid subtype, which represents
more than 75% of all cancers in this field.! The prognosis
of this group of gynecologic malignancies is quite favor-
able. Itis conditioned by a dominant detection of the dis-
ease in the first stage, which includes nearly 75% of all
patients. Complete surgical staging is indicated in high-
risk cases of the disease. However, its execution is often
problematic due to the age distribution and presence of

multiple internal comorbidities (including obesity). This
necessitates an effort to identify a marker that would
increase the sensitivity of preoperative stratification of
patients into groups of low and high risk.

Human epididymis protein 4 (HE4) is a biochemical
marker that is already partly used in the diagnosis and
follow-up of ovarian cancer. Its diagnostic and prognostic
value in the field of endometrial cancer has been quite
intensively investigated. HE4 belongs to the group of
proteins known as the “whey acidic four-disulfide core’
with properties similar to a trypsin inhibitor® Its
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production was detected primarily in the epithelium of
the distal epididymis and it was assumed that it was in-
volved as a protease inhibitor in immune processes and
that it affected, among others processes, sperm matura-
tion>* Subsequently, it was found that HE4 was
expressed in many tissues. The highest expression of ma-
lignantly transformed epithelial tissues is shown not only
in the tissue of the ovary (serous and endometrioid ade-
nocarcinoma) and lungs, but also in some endometrial
cancer, for example, the endometrioid subtype.”®

Methods

This study aimed to analyze 115 patients with an
endometrioid subtype of endometrial cancer. The histo-
pathological diagnosis was determined by the examina-
tion of endometrial biopsy obtained by curettage or
hysteroscopy. Once the diagnosis was determined, blood
collection was carried out to discover serum levels of
markers analyzed (i.e. HE4 and CA125). The exclusion
criterion was the presence of another malignancy. Also,
the patients included were not treated for benign non-
gynecologic and gynecologic comorbidities associated
with elevated HE4 and CA125 levels (e.g. liver, kidney
or autoimmune diseases, endometriosis, pelvic infection,
benign ovarian tumor). All analyzed patients underwent
a definitive surgical treatment: hysterectomy, bilateral
salpingo-oophorectomy, aortopelvic lymphadenectomy
and excisions of suspicious lesions and adhesions of
the peritoneal cavity. The low-risk type of the disease
with the presence of all five prognostic factors simulta-
neously (myometrial invasion < 50%, tumor diameter
< 2 cm, no cervical stromal involvement, tumor grade
1 or 2, and the absence of extrauterine disease) occurred
in 56 (49%) patients. The high-risk type of the disease
with the absence of at least one of the aforementioned
factors occurred in 59 (51%) patients.

Data analysis

Where applicable, it was determined first whether the
variable presented a normal distribution using the
Shapiro-Wilk test, and in cases of skewed variables, log-
arithmic transformation was performed and the normal
distribution was tested again. For descriptive purposes,
mean values are presented using untransformed values.
Results are expressed as mean values and standard devi-
ations unless otherwise stated.

Similarly, when data displayed normal distribution,
the t-test was used for the comparison of the groups; oth-
erwise the Mann-Whitney U-test was preferred.

© 2015 Japan Society of Obstetrics and Gynecology
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To identify variables that may contribute to predicting
the final investigated phenotype, we carried out a back-
ward stepwise logistic regression, a sequential proce-
dure of omitting one input variable at a time to build
up a regression model in which the dependent variable
is represented as the linear combination of independent
variables (anthropometric parameters). These models
implemented log-transformed values of HE4 and are
based on the statistical evaluation of the models of the
maximum specificity and sensitivity using the individ-
ual cut-offs for evaluated prognostic markers. The re-
sults of the final models are presented. In the final
model, proper adjustments were made to address the
possible effect of age, obesity, coronary artery disease,
hypertension and diabetes. In the multivariate model-
ing, only hypertension expressed a borderline significant
association with HE4 levels, hence only hypertension
was retained in the final model.

The data analysis was performed using R 2.15.2. The
consensual values of P < 0.05 were considered statisti-
cally significant.

Results

Individual prognostic factors, including medians and
ranges of HE4 and CA125 serum levels related to these
factors, are listed in Table 1. An increase in the median
with a higher stage of the disease is evident with
CA125, and the same applies to HE4 with the exception
of stages III and IV. On the basis of surgical staging, 69
(60.0%) patients were included in stage IA, 20 (17.5%)
patients in stage IB, eight (7.0%) patients in stage II, 13
(11.0%) patients in stage III and five (4.5%) patients in
stage IV. Table 1, furthermore, evaluates the median
and range of HE4 and CA125 serum levels according
to the depth of invasion. According to the results, we
can state that there is a gradual increase with an increas-
ing depth of the invasion in the case of HE4. A greater in-
crease in the median is evident only in the serosa
infiltration in the case of CA125. The prognostically least
favorable type of differentiation, that is, a poorly differ-
entiated variant, is associated with higher serum levels
of both biomarkers investigated. Table 1 also presents
the median and range of CA125 and HE4 serum levels
in relation to the type of risk of malignancy. The high-risk
variant of the disease is in each case associated with
higher serum concentrations of biomarkers. Results
obtained were subjected to statistical analysis.

Tables 2 and 3 indicate statistical evaluation of CA125
and HE4 serum levels between individual stages of the
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Table 1 Median HE4 and CA125 serum levels in relation to prognostic factors, including 2009 FIGO stage

Prognostic Factor 2009 FIGO stage

No. patients (%)

Median HE4 (range), pmol/L

Median CA125 (range), IU/mL

IA 69 (60.0) 63.0 (29.0-379.0) 18.0 (5.0-91.0)
1B 20(17.5) 86.0 (42.0-350.0) 24.0 (11.0-70.0)
I 8 (7.0) 118.0 (54.0-330.0) 29.0 (10.0-126.0)
I 13 (11.0) 198.0 (55.0-1014.0) 41.0 (13.0-620.0)
v 5 (4.5) 193.0 (68.0-364.0) 180.0 (18.0-1056.0)
Depth of invasion
Endometrium 9 (8.0) 55.0 (32.0-126.0) 26.0 (9.0-91.0)
Myometrium 1-49% 67 (58.0) 70.0 (29.0-379.0) 19.0 (5.0-1056.0)
Myometrium = 50% 26 (22.5) 113.5 (42.0-504.0) 24.5 (11.0-620.0)
Infiltration into serosa 13 (11.5) 198.0 (55.0-1014.0) 41.0 (13.0-344.0)
Tumor grade
Gl 16 (14.0) 60.0 (32.0-233.0) 18.5 (10.0-70.0)
G2 67 (58.0) 70.0 (29.0-558.0) 20.0 (5.0-620.0)
G3 32 (28.0) 121.0 (49.0-1014.0) 29.5 (10.0-1056.0)
Risk status of disease
Low risk 56 (49.0) 60.0 (29.0-379.0) 17.5 (5.0-91.0)
High risk 59 (51.0) 109.0 (42.0-1014.0) 26.0 (10.0-1056.0)
CA, cancer antigen, HE4, human epididymis protein 4.
Table 2 Comparison of stage IA versus all other stages and their combinations for HE4
2009 FIGO stage No. Cut-off HE4  No. patients (%) with  Pearson x* P
comparisons patients (pmol/L) HE4 > cut-off
Highest sensitivity and specificity IA 69 78.0 22 (32.0) -
1A 69 110.0 9(13.0) -
IB 20 78.0 14 (70.0) 0.0051212*
IB-II 28 78.0 14 (50.0) 0.0051223*
IB-111 41 110.0 24 (59.0) 0.0000014*
IB-1V 46 110.0 28 (61.0) 0.0000103*
Given 95% specificity 1A 69 238.5 4 (6.0) -
1B 20 238.5 2 (10.0) 0.8779
IB-1I 28 238.5 3(11.0) 0.6781
[B-11I 41 238.5 9 (22.0) 0.0256*
IB-IV 46 238.5 11 (24.0) 0.0110*

*Statistically significant result. HE4, human epididymis protein 4.

Table 3 Comparison of stage IA versus all other stages and their combinations for CA125

2009 FIGO stage No. Cut-off CA125  No. patients (%) with ~ Pearson x2 P

comparisons patients (IU/mL) HE4 > cut-off
Highest sensitivity and specificity IA 69 17.0 41 (59.0) -
IA 69 30.5 9 (13.0) -
1B 20 17.0 16 (80.0) 0.15440
IB-1I 28 17.0 18 (64.0) 0.05254
IB-ITT 41 30.5 22 (54.0) 0.00185*
IB-IV 46 30.5 24 (52.0) 0.00001*
Given 95% specificity IA 69 43.0 4 (6.0) -
IB 20 43.0 4 (20.0) 0.13070
1B-1I 28 43.0 7 (25.0) 0.01880*
IB-ITT 41 43.0 13 (32.0) 0.00077*
IB-IV 46 43.0 17 (37.0) 0.00007*
*Statistically significant result. CA, cancer antigen.
1646 © 2015 Japan Society of Obstetrics and Gynecology
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HE4 serum concentrations higher than 78.0 pmol/L g ;FE ii iziﬁ
occurred significantly less often with patients in stage IA E SEERT 229 %
than with patients in stage IB or with the combination of < 2agg g8y
stages IB and II. When comparing HE4 serum concentra- gep faag|
tions in stage IA with the combinations of stages IB-III E
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tively TA and the combination of stages IB and II. The £ E-
difference was found only when comparing stage IA with ‘é TEae TITFT |k
the combination of stages IB-III, respectively IB-IV. ? B i E g8 & i i & g
Conversely, in the case of CA125, a statistically signifi- z & %@J 1510 E § § 1519 ; £
cant difference for the cut-off 17.0 ITU/mL was not de- S8z 225352
tected between patients in stages IA and IB, respectively E @ ?; :; :‘fj og § i;! ﬁ ‘i;'- é
IA and the combination of stages IB and II. A statisti- g i
cally significant difference was found only when % SERE ~~C® %
comparing patients in stage IA with patients in stages Ele|EFRE SEBE P
IB-IIT and IB-IV for the cut-off 30.5 IU/mL. For 95% SlEQ |nnaz 42858
specificity, the cut-off for CA125 reached 43.0 IU/mL. g L% % %i/%% :\;%33 f
A statistically significant difference was detected only % Sahd S5K&5 |
when comparing stages A with the combination of ; ReB8 =R I3
stages IB-I1, IB-III and IB-IV. = by
Furthermore, a statistically significant difference was FIE Tleocoo oo .é*
found in the distribution of HE4 and CA125 serum levels < % g EE =2 5 ﬁ § 22
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were well and moderately differentiated to patients with E E
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patients with the low- and high-risk type of the disease e 8 E - i E T - E el )
(P = 0.000009 for HE4, P = 0.00006 for CA125). T E ST s 2 e B
Tables 4-7 present statistical parameters: sensitivity, AR :: :: :: 2 .; :: ,; .:: g
specificity, negative predictive value (NPV), positive pre- E D el 5
dictive value (PPV) and area under curve (AUC). These it =
tables show the predictive ability of HE4 and CA125 in ; . _8
distinguishing the stage of the disease, and their combi- E g 2 9”
nations according to FIGO 2009 with the model of achiev- v 2 & =
ing the maximum sum of sensitivity and specificity and b ;E é 5
for 95% specificity. From a clinical perspective, it is again j g 2.2 E
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(myometrial invasion < 50%) and IB (myometrial inva- _;.: %"DE § 8
sion > 50%). In Table 4, the cut-off HE4 78.0 pmol/L for = £ e 3 2
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© 2015 Japan Society of Obstetrics and Gynecology 1647

17



L. Minar et al.

‘anfea m>.nu:uma aansod ‘Add ‘anfea u>ﬁu:umu& aangedau ‘A N ‘F wejord ﬂ.EaEE&m uewmy ‘FH eAISIUL 3DUIPIU0D ID) DAIND Iapum eare ‘O y

(9°68-'89) %0 LL (926-6'1S) %982 (6'96-009) %E'€S (6'86—F'G8) %L T6 (F'1€-6'6) %061 0TI Apymads o,g6 UIAID
(9°98-¥'89) %L (6'78-619) %054 (£'08-€'€9) %6'T4 (6'78-T'T9) %trss (£'€8-1'69) %2 S9z Aypynads pue Aj1anisuas 3saySiy
(1D%56) (1D%%6) (1D%56) (1D%%6) (1D%56) (1/10Wd) (st Y3y sa mop) uostredurod
ony Add AdN Apywadg Ananisuag PHH HO-InD SSLASIP JO SNIL)S STy

ASLASIP JO SNJLIS MSLI 0 UORE[AI Ul H[H PajeAd[d JO anjeA dALDIPaL] 9 d[qeL

-anpea aanarpard aanisod ‘A ] anfea aandipard aaneSau ‘A N {EAISIUT DUIPLUIOD ‘[0 {UaSHUE 19dUeD Y0 DAIND Japun eare ‘JNy

(6'18-919) %814 (TTE-CT9) %018  (8€L~6T19) %169 (F86-868) %Tt6  (STS-TET) %0'LE e ATI-dI SA VI
(F08-£8G) %969  (£06-€£S) %G9,  (TV6'G9) %669  (F'86-868) %t6  (I'8F181) %L1¢€ (1§37 111611 SA VI
(094-G6F) %879  (9F8-T0F) %9€9  (F6/-0TL) %9S. (F86-868) %Tt6  (6Fr—201) %0'ST 0eh I1-d1 SA VI
(F94-G9%) %19 (§84-TGT) %005  (9€8-1'4L) %T08  (F'86-86G8) %et6  (LEF£4S) %00T (1F57 €1 sA VI Aypyads 9,c6 uaar
(6'18-919) %814  (6'€8-€09) %LTL  (6'8LLL9) %t €L (6€6-L9L) %048  (1'£9-6'9€) %TTS §0€ AL SA V]
(F08-£8G) %969 (£'€9-9GF) %0TS  (8'€8-1'69) %L9L  (9LL-€F9) %L99 (664 F6F) %6'G9 §0¢ 111611 SA V1
(09£-G6F) %879  (STG-1TE) %0 TF  (898-€TL) %E6L  (9LL-€FS) %L99  (SSL-TLE) %l'LS 0Ll I1-41 SA V1 Apyoads
(F94-G9F) %19 (FPeF€2) %18 (9F6-F92) %S28  (1I'€5-6'87) %90F  (£F6-€99) %008 0Ll €1 SA V] pue Ajanisuas jsaySiy
(1D%56) (10%56) (1D%€6) (1D%66) (1D%56) (/N1 suostredwod
ony Add AdN Ayoynadg Arapisuag GZIVD HoanD  adeis ODI4 600T

SuOnLUIUIOD JI3L) pue sa3e)s IaLo [[e snsiaa ] 28e1s Jo uosuredwoD) 1671V D) PR1ead[a JO SnfeA SATPIPAL] § d[qe],

© 2015 Japan Society of Obstetrics and Gynecology

1648

18



AUC
(95%CT)
70.7% (61.2-80.2)
70.7% (61.2-80.2)

PPV
(95%CI)
68.5% (60.0-77.2)
85.7% (69.3-95.1)

—_ =
S =
ol
"tTi
=
=+
£2|e «
f=I I To T T
Zin|= =
S EI:
o =
) D
o0
—_~
o5
=z &
N
LUl
EP (L o
A S
RERR =T N
(=
R(=l =)
—_ =
g 5
[To N ss1
25 7
P
=20 | o
ER|Q 9
Emﬂﬂ
g2 =2
&
[ o I
Nooon

(IU/mL)
24.0
43.0

Cut-off CA125
AUC, area under curve; CA, cancer antigen; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Table 7 Predictive value of elevated CA125 in relation to risk status of disease

oy

o

~|E

AR

N E

| g
gLl &
SE|2 &
58z ¥
o2|E &
Stlg 2
582 &
558 <
m&mg
YElD E
“ ol O

© 2015 Japan Society of Obstetrics and Gynecology

19

HE4 in endometrial cancer

70.0%, specificity 68.1%, NPV 88.7%, PPV 38.9% and
AUC 70.1% for the model of achieving the maximum
sum of sensitivity and specificity. Sensitivity dramatically
decreased with 95% specificity for the cut-off HE4 238.5
pmol/L for distinguishing stages IA and IB. In Table 5,
the cut-off CA125 17.0 IU/mL for the differentiation of
stage TA from IB showed sensitivity 80.0%, specificity
40.6%, NPV 87.5%, PPV 28.1% and AUC 61.4% for the
model of achieving the maximum sum of sensitivity
and specificity. There is also a significant decrease in sen-
sitivity with 95% specificity for the cut-off CA125 30.5
IU/mL for distinguishing stages IA and IB.

Another model of statistical comparisons concerns
groups of patients running low and high risk, which
can be considered the most important in the preoperative
algorithm in terms of deciding on the extent of surgical
staging, particularly in relation to the implementation
of systematic aortopelvic lymphadenectomy. Classifica-
tion into these two basic groups is conditioned by the
knowledge of the combination of information on the
postoperative TNM classification and the degree of the
tumor grade. Two logistic regression models were again
created: for the maximum sum of sensitivity and specific-
ity and for 95% specificity. The cut-off HE4 76.5 pmol/L
for the differentiation of these two levels showed sensi-
tivity 72.4%, specificity 75.4%, NPV 72.9%, PPV 75.0%
and AUC 77.0% for the model of achieving the maxi-
mum sum of sensitivity and specificity. There was a par-
ticularly dramatic decrease in sensitivity (Table 6) for
95% specificity with the cut-off HE4 242 pmol/L. With
the CA125 marker, the cut-off 24.0 IU/mL for the differ-
entiation of these two levels showed a sensitivity of
62.7%, a specificity of 69.6%, NPV of 63.9%, PPV of
68.0% and AUC of 70.7% for an identical logistic regres-
sion model. There was a significant decrease in sensitiv-
ity (Table 7) for 95% specificity for the cut-off CA125
43.0 TU/mL.

Discussion

These days, imaging methods (ultrasound, magnetic res-
onance imaging [MRI], computed tomography [CT],
and positron emission tomography [PET]-CT) are often
used in determining the prognosis of patients with en-
dometrial cancer. The differentiation of low-risk patients
from the high-risk ones is based on two basic parame-
ters, the stage of the disease and the tumor grade,
whereas only histological evidence from a diagnostic
endometrial biopsy is available at the time of decision-
making. The determination of tumor grade from
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endometrial biopsy is not accurate and in accordance
with current data, a worse grade is detected even in
15-30% of definitive histological findings.”*

The assessment of tumor grade by imaging methods,
mentioned in the previously published reports, concerns
ultrasound diagnostics only and takes into account both
echogenicity and tumor vascular morphology and is
usually directly related to the assessment of myometrial
invasion and cervical stromal involvement.” !

Significantly more of the published work sources fo-
cus on evaluating the stage of the disease.'** Published
studies comparing transvaginal ultrasound (TVS), MRI,
and possibly PET-CT in the diagnosis of myometrial in-
vasion and cervical stromal involvement do not lead to
entirely consensual conclusions.

In the study by Antonsen et al.,'> 318 patients with en-
dometrial cancer were evaluated by comparing PET-CT,
MRI and ultrasound. The authors found PET-CT,
MRI and ultrasound to be comparable in predicting
myometrial invasion (overall diagnostic accuracy for
PET/CT was 61%, for MRI 66% and for TVS 72%). The
two following studies found no statistically significant
difference between TVS and MRI when assessing
myometrial invasion.'*'* In the study by Ozdemir
et al.,'* 64 patients were evaluated while Savelli et al."*
analyzed 74 patients. According to Savelli et al., overall
diagnostic accuracy for TVS in the evaluation of
myometrial infiltration was 84%, and the respective
value for MRI was 82%. Conversely, Ortoft et al."”
showed a significantly higher specificity for MRI in com-
parison with ultrasound for the sample of 156 patients.
Deep myometrial invasion was estimated with higher
accuracy by MRI (82%) than TVS (74%) (P < 0.02).

Other studies evaluated the benefit of these two im-
aging methods in predicting cervical stromal inva-
sion.">"® Celik et al."® (who analyzed 64 patients) and
Ortoft et al."” found no statistically significant difference
between these two methods. Ortoft et al. reported
similar accuracy for MRI (84%) and TVS (80%) for the
sample of 156 patients. Savelli et al."* showed that ultra-
sound (with sensitivity of 93% and specificity of 92%)
was slightly superior to MRI (with sensitivity of 79%
and specificity of 87%). In contrast, Cicinelli et al."”
prefered MRL

Other authors evaluate the benefit of only MRI in the
preoperative determination of myometrial invasion with
different results."*" Horvath et al.'® analyzed 89 pa-
tients, and they found the sensitivity of detection of deep
myometrial infiltration to be 71%, specificity 92% and ac-
curacy 84%. Hwang et al.'” analyzed 53 patients and
stated that MRI is limited in its ability to detect deep
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myometrial invasion with respect to the results (sensitiv-
ity, specificity, and overall diagnostic accuracy were
50.0%, 89.7% and 79.2%, respectively). Conversely,
Zamani et al.*” reported higher sensitivity (82.4%), spec-
ificity (94.6%) and diagnostic accuracy (90.7%) in the
sample of 54 patients.

Especially in the European area, many investigators
recently reached a consensus.”' Ultrasound is suggested
to be the method of first choice for evaluation of
myometrial invasion and cervical stromal involvement
because it is widely available, most cost-effective and
least time-consuming. It is also generally recommended
that MRI will be reserved for cases that are difficult to
assess with ultrasound.

The limitations of the imaging methods in the staging
of endometrial cancer are valid for the regional lymph
area, too. While TVS and MRI play a decisive role in
assessing myometrial invasion and cervical stromal in-
volvement, CT and PET-CT are more significantly used
in the assessment of lymph node involvement. Accord-
ing to the current published data, it is believed that
PET-CT, CT and MRI show similar accuracy in detecting
metastatic lymph nodes.'***

According to Loubeyre et al.** in spite of the signifi-
cant development of imaging methods in the last 25
years, an accurate non-invasive assessment of metastatic
lymph nodes in patients with endometrial cancer re-
mains an unmet medical need, because the sensitivity
of CT and MRI is limited in these cases.

Thus, the current effort to identify sensitive biochemi-
cal markers useful for the diagnosis and prognosis of pa-
tients with endometrial cancer seems to be logical. The
endeavor to search for new algorithms for an efficient
use of biomarkers and of their combinations continues.
However, it can be said that the clinical relevance of
these biomarkers still remains limited. Recent studies
have focused on conventional tumor markers, such
as CA125 and CA19-9,” and more recent parameters
(e.g. apolipoprotein-1, prealbumin, transferrin,” prolaktin,”
and soluble mesothelin-related peptides).”® These studies
analyzed serum levels of biomarkers especially. The HE4
serum level interferes with some of the factors in analyses
performed. These factors can further modify criteria for
the use of HE4 in clinical practice. Higher serum concen-
trations can be expected, for example in connection with
older age (>55 years), smoking and decline in renal
function or liver disease. On the contrary, one study
described a decrease in HE4 level in connection with
obesity.”* " The others sources for the analysis are in
HE4, for example tissue microarrays, where the expres-
sion of the proteins is tested by immunochemistry.®**
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In the case of HE4, the articles published so far focus
their attention on, for example, the importance of HE4
in the diagnosis of endometrial cancer in comparison
with CA125.2*** Another view of the use of HE4 is raised
by studies dealing with a prognostic significance of HE4
serum levels before treatment with respect to overall sur-
vival (OS) and disease-free survival compared with
CA125. According to Mutz-Dehbalaie et al.,** only HE4
was an independent prognostic factor for OS in the sub-
group with an endometrioid subtype of endometrial
cancer. Other studies (Bignotti et al.,*> Zanotti et al.*®)
demonstrated that only HE4 (and not CA125) signifi-
cantly correlated with decreased OS, progression-free
survival and disease-free survival. Saarelainen et al.*®
dealt with the prediction of pre-treatment HE4 and
CA125 serum levels in relation to extrauterine spread
of the disease and observed significantly higher levels
of markers for metastases and a higher predictive ability
of the combination of both markers compared with the
isolated use of only one of them. There are also available
studies dealing with the evaluation of HE4 serum levels
in relation to endometrial cancer prognostic parame-
ters.””° Moore et al.*’” analyzed 96 patients with the
endometrioid subtype of endometrial cancer, 77% of
which were diagnosed in stage I of the disease. For the
cut-off 70 pmol/L, Moore observed a sensitivity of
94%, a specificity of 56%, PPV of 39% and NPV of 97%
in the differentiation of stages IA and IB, and sensitivity
of 82%, specificity of 56%, PPV of 56% and NPV of 82% in
the differentiation of stage IA versus stage IB-IV.
Kalogera et al.*® evaluated 75 patients with endometrial
cancer, of whom 51 had the endometrioid histological
subtype. Patients with low risk from the group (i.e.
myometrial invasion < 50%, primary tumor diameter
< 2 cm) had a statistically significantly lower median
of the HE4 serum level than other patients. Simulta-
neously, HE4 showed a greater sensitivity in detecting
advanced stages of the disease compared to CA125.
The most extensive study to date, by Brennan et al.*
analyzed 375 patients with endometrial cancer (316 with
an endometrioid subtype and 280 with low-grade
endometrioid subtype) in whom HE4 and CA125 serum
analysis was performed. Receiver-operator curve analy-
sis demonstrated that HE4 (AUC 0.76) was a better pre-
dictor of outer-half myometrial invasion than CA125
(AUC = 0.65), particularly in patients with low-grade
endometrioid tumors (AUC 0.77 vs 0.64 for CA125).

In conclusion, in accordance with the above-
mentioned data (including the contribution of different
imaging methods), there are still some questions unad-
dressed in distinguishing low- and high-risk patients

© 2015 Japan Society of Obstetrics and Gynecology
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with endometrial carcinoma and there is the need for a
diagnostic marker that would be characterized by high
sensitivity and specificity parameters, wide availability,
low cost and time-effectiveness. The analysis of the level
of a biochemical marker that would be determined by
analysis of blood or other biological material with exact
knowledge of the stage of the disease and tumor grade
on the basis of complete surgical staging presents one
of the options for finding such a marker. Our study rep-
resents a real clinical presentation of endometrioid ade-
nocarcinoma, including a prevailing representation of
patients diagnosed in the early stages of the disease.
We showed a better correlation of the median and distri-
bution of HE4 serum levels with prognostic factors (com-
pared with CA125) while respecting the fundamental
idea of distinguishing patients into groups with low
and high risk. The parameters obtained are in a certain
correlation with data from studies published in the field.
At the same time, it is, however, necessary to state that
the results published up to now do not unanimously
support the idea of the introduction of HE4 as an inde-
pendent marker in routine practice. The optimal cut-off
for HE4 has not been established yet and further studies
are still needed. The results of a more extensive study
could establish whether or not it is possible to implement
HE4 analysis in clinical practice in the future, hopefully
with clear benefits for patient prognosis.
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Summary

Purpose of investigation: This study was designed to evaluate the use of human epididymis protein 4 (HE4) as a biomarker in the dif-
ferential diagnosis of malignant and benign endometrial tumours. Materials and Methods: The study, conducted between July 2009 and
June 2014, included a total of 150 patients with endometrioid adenocarcinoma and a control group of 150 patients with benign en-
dometrial lesions. The serum of all patients was analyzed with respect to HE4 and CA 125 levels. The median and ranges of serum lev-
els were determined in relation to histological results. The statistical analysis procedure employed in this study utilized
logarithmic-transformed values of biomarkers and logistic regression. Results: An analysis of two groups of patients with different his-
tologies yielded a statistically significant difference (p-value < 0.05) only in the case of HE4, in which case a cut-off value of 48.5
pmol/l resulted in an achieved sensitivity of 87.8%, a specificity of 56.6%, and a negative predictive value of 81.1%. Conclusion: In
combination with clinical and ultrasound findings, HE4 could help with the differentiation of prognostically varied patient groups as
well as with the decision-making process associated with the development of individual treatment plans. However, the optimal cut-off
for HE4 has not been established yet and further studies are needed.

Key words: Benign endometrial tumours; Endometrial cancer; Human epididymis protein 4.

Introduction cer. Its diagnostic and treatment-predictive value for en-
dometrial cancer is currently being examined. HE4 belongs
to a group of proteins known as whey acidic four-disulfide
core proteins (WFCD) and exhibits properties similar to
trypsin inhibitor [4]. The protein has a molecular weight of
20-25 kDa in advanced glycosylated form and consists of
a peptide chain consisting of two WFCD domains [S]. HE4
production has been detected primarily in the epithelium of
the distal epididymis and it is assumed that, as a protease in-
hibitor, it is involved in immune processes and also affects
sperm maturation [6, 7). It has also been established that
HE4 is expressed in many tissues, with the highest expres-
sion occurring in malignantly transformed epithelial tissues
such as ovarian tissue (serous or endometrioid adenocarci-
noma), as well as some types of endometrial adenocarci-
nomas, especially endometrioid and lung cancer [8-10].

Endometrial cancer is the most common malignancy of
the female genital tract in the world and the seventh most
common cause of cancer-related death in women in West-
ern and Central Europe [1]. Prognosis for this group of gy-
naecological malignancies is relatively favourable, as long
as they are diagnosed in the first stage, which is currently
the case in almost 75% of patients [2]. The endometrioid
histological type of endometrial cancer is the prevalent type
of this malignancy (over75 % of all diagnosed cases) [3].

Despite relatively favourable prognosis, research has fo-
cused on the detection of a marker for efficient and eco-
nomical screening and for early disease diagnosis. Such a
marker could benefit women at increased risk (e.g. breast
cancer patients treated with tamoxifen, women suffering
from Lynch syndrome or patients with a positive BRCAI
mutation test result), as well as high-risk surgical patients
(i.e. with potential complications due to internal co-mor- Materials and Methods

bidities). . . . . . . Two sets of patients were employed in order to examine the role
Human epididymis protein 4 (HE4) is a biochemical  of the HE4 marker in the differential diagnosis of endometrial tu-
marker used in the diagnosis and follow-up of ovarian can- ~ mours between July 2009 and June 2014. The first group consisted
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of 150 patients diagnosed with endometrial carcinoma, i.c. its en-
dometrioid subtype. The second group comprised a control group
of patients with benign lesions of the endometrium. All 150 pa-
tients in this group underwent an endometrial biopsy simultane-
ously with the members of the first group; in the case of the control
group, this procedure excluded the existence of precancerous con-
ditions or malignant findings. Biopsy indications included clinical
symptoms (1.¢. irregular premenopausal, perimenopausal or post-
menopausal bleeding) or suspected ultrasound findings (i.e. sus-
pected endometrial hyperplasia in postmenopausal women or a
suspected endometrial polyp). The average age of patients with
malignant findings was 65.6 years (40-87) while the average age
of women with benign findings stood at 61.8 years (43-81).

Histopathological diagnosis was established on the basis of en-
dometrial curettage or hysteroscopy; diagnosis was followed by
blood sampling designed to determine HE4 and CA125 serum
levels. Serum samples were separated by centrifugation and im-
mediately processed. In case processing within a 24-hour period
was not possible, collected samples were frozen and stored at -
80°C until concentration analysis, subsequently performed on an
Architect 1000 chemiluminiscent immunoassay analyzer. Exclu-
sion criteria for inclusion in either of the two groups included the
presence of other malignant diseases; none of the patients were
treated for benign gynecological diseases (endometriosis, pelvic
infection, benign ovarian tumor, etc.) and non-gynecological co-
morbidities (e.g. liver or autoimmune diseases) associated with
elevated CA 125 and for benign co-morbidities associated with el-
evated HE4 (e.g. kidney and liver diseases). All patients included
in the malignancy cohort underwent definitive surgical treatment
— hysterectomy, bilateral salpingo-oophorectomy, aortopelvic
lymphadenectomy, and excisions of suspicious lesions and adhe-
sions of the peritoneal cavity.

Data analysis

In patient groups used in this study, histological findings are al-
ways defined by a range of CA125 and HE4 serum levels, as-
sessed according to a median rather than a mean. The median is
used to describe selected characteristics instead of an arithmetic
mean, especially as the distribution of both biomarkers is not nor-
mal (i.e. it is skewed heavily to the right). Using a mean would not
be correct in such circumstances as such an approach would be too
dependent on extreme values. A logarithmic transformation of
HIE4 and CA125 levels was carried out for statistical evaluation
purposes in order to achieve a normal distribution of both bio-
markers. A two-sample /-test was used and a p-value was deter-
mined. Associations with a p-value < 0.05 were considered
significant. Logistic regression models developed for subsequent
statistical assessment were designed to operate with two identi-
fied cut-off values, i.e. highest sensitivity and specificity and a
given specificity of 95 %.

Results

The distribution of patients with endometrioid adenocar-
cinoma according to the FIGO 2009 staging is presented in
Table 1.

A low-risk form of the disease, complete with all five
prognostic factors (i.e. myometrial invasion < 50%, tumour
diameter < two cm, no cervical involvement, tumour grade
1 or 2, and the absence of the extrauterine disease) was es-
tablished in the case of 73 patients (i.e. 49 %). A high-risk
form of the disease where at least one of these factors was
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Table 1. — Distribution of patients with endometrioid ade-
nocarcinoma including median serum HE4 levels accord-
ing to FIGO 2009 staging.

FIGO 2009 Stage N (%) Median HI:4 (range) (pmol/1)
IA 90 (60.0) 63.0 (29.0-379.0)

IB 26 (17.5) 86.0 (42.0-350.0)

II 10 (6.5) 118.0 (54.0-330.0)

11 17 (11.5) 198.0 (55.0-1014.0)

v 7(4.5) 193.0 (68.0-364.0)

FIGO = International Federation of Gynaecology and Obstetrics.

Table 2. — Median CA125 and HE4 serum levels in rela-
tion to histology.

Histology N (%) Median CA125 Median HE4

(range) / IU/ml (range) / pmol/l
Benign 150 23.0(5.0-140.0) 45.0(7.0-185.0)
Malignant » -
(Stage I-11) 126 20.0 (5.0-126.0)  70.0(29.0-379.0)
Malignant 5, 5} 0 (5.0-1056.0) 74.0(29.0-1014.0)

(Stage [-IV)

Table 3. — HE4 serum level in relation to histology — t-test,
p (HE4)

»<0.001"

p=<0.001"

Histology
Benign vs. malignant (Stage I-II)
Benign vs. malignant (Stage I-IV)

“statistically significant result.

absent was established in the case of 77 patients (i.e. 51%).

Table 2 presents the median and range of CA125 and
HE4 serum concentrations in three sets: patients with be-
nign lesions, endometrial adenocarcinoma patients suffer-
ing from the first two stages of the disease (prevalent both
in this study and in general clinical practice), and all pa-
tients with malignancies. In the case of CA 125, the benign
group median was quite paradoxically higher, while an in-
crease in the malignant group median was registered in the
case of HE4.

Biomarker serum concentrations were subsequently sub-
jected to statistical analysis in accordance with individual
histological findings. In order to compare CA125 and HE4
serum levels between groups of women with malignancies
and those with benign tumours, a t-test of logarithmic-
transformed values of the analyzed markers was performed.
A statistically significant difference was established only
in the case of HE4 and not in the case of CA125 (Table 3).

A logistic regression model was developed for further
evaluation in which CA125 and HE4 were included as in-
dependent variables and histological findings were in-
cluded as the dependent variable. CA125 was found to be
insignificant in both models (i.e. benign findings vs. all
stages of malignancy as well as benign vs. malignant Stage
I and II findings), and the final models were thus created
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Table 4. — Logistic regression model — predictive value of HE4 in differentiation histology (benign vs. malignant, Stage I-IV).

Histology comparison Cut off HE4 Sensitivity Specificity NPV PPV AUC

(benign vs. malignant, Stage [-1V) (pmol/l) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Highest sensitivity and specificity 48.5 87.8 % 56.6 % 81.1 % 68.7 % 76.9 %
(80.4-93.2)  (46.6-66.2) (73.5-87.8) (64.5-73.4) (71.2-83.3)

Given 95% specificity 99.0 37.4% 93.4% 57.9% 86.0% 76.9%
(28.6-46.9)  (86.9-97.3) (54.8-61.5) (76.5-92.9) (71.2-83.3)

CI = confidence interval; NPV = negative predictive value; PPV = positive predictive value, AUC = area under curve.

Table 5. — Logistic regression model — predictive value of HE4 in differentiation histology (benign vs. malignant, Stage I-1I).

Histology comparison Cut off HE4 Sensitivity Specificity NPV PPV AUC
(benign vs. malignant, Stage [-11) (pmol/1) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Highest sensitivity and specificity 48.5 85.6% 56.6% 81.1% 64.3% 73.6%
(77.0-91.9) (46.6-66.2) (73.6-87.7) (59.8-69.5) (67.3-80.7)
Given 95% specificity 99.0 28.9% 93.4% 58.9% 80.0% 73.6%
(20.1-39.0)  (86.9-93.0) (56.1-62.2)  (67.5-89.7) (67.3-80.7)
CI = confidence interval; NPV = negative predictive value; PPV = positive predictive value, AUC = area under curve,
AUC =0.7691 AUC = 0.736
100% — 100% —
80% — 80% —
60% — 609, —
40% — 40% -
20% — 209% —
0% -} 0% —
T T T T T T

100%  80% 60% 40% 20% 0%
Figure 1. — ROC curve for differentiation between benign and

malignant (Stage [-1V) disease.

with a single independent variable, i.e. the logarithmic-
transformed values of HE4.

Table 4 shows the predictive value of HE4 in the differ-
ential diagnosis of endometrial lesions using models for
achieving the highest sum of sensitivity and specificity and
at a specificity of 95 %; a ROC curve is provided in Figure
1. The model for achieving the highest sum of sensitivity
and specificity produced a HE4 cut-off value of 48.5 pmol/1
for this differentiation, with a sensitivity of 87.8%, speci-
ficity of 56.6%, negative predictive value (NPV) of 81.1%,
positive predictive value (PPV) of 68.7%, and AUC of
76.9 %.

Table 5 shows the predictive value of HE4 in the differ-
ential diagnosis of benign endometrial lesions and Stage I
and II malignancies, likewise using models for achieving
the highest sum of sensitivity and specificity and at a speci-
ficity of 95%; a ROC curve is provided in Figure 2. The
model for achieving the highest sum of sensitivity and

100% 80% 60% 40% 20% 0%

Figure 2. — ROC curve for differentiation between benign and
malignant (Stage [-11) disease.

specificity produced a HE4 cut-off value of 48.5 pmol/1 for
this differentiation, with a sensitivity of 85.6%, specificity
of 56.6%, NPV of 81.1%, PPV of 64.3%, and AUC of
73.6 %.

Discussion

A number of studies aimed at identifying sensitive bio-
chemical markers useful for the diagnosis and prognosis of
patients with endometrial cancer have been published. Al-
though efforts dedicated to the search of new algorithms for
the efficient use of biomarkers or a combination thereof are
ongoing, it may be said that their clinical benefits remain
limited. The object of these studies generally include tumour
markers such as antigens — CA125 [11, 12], CA19-9 [13],
CEA, and new parameters such as apolipoprotein-1, preal-
bumin, transferrin [14], prolactin [15], serum amyloid-A [16]
or soluble mesothelin related peptides (SMRP) [17].
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In the past several years, a range of works have focused
on the potential utilization of HE4 in the above context. To
some extent, this marker has already established itself in
the diagnosis and follow-up of some ovarian cancer histo-
types by way of the so-called ROMA (risk of ovarian ma-
lignancy  algorithm)  index, which  processes
logarithmic-transformed HE4 and CA 125 levels and re-
flects the current status of menopausal patients [18]. The
first author to connect the question of clinical utility of HE4
and the issue of endometrial cancer was Moore et al. [18]
and while subsequent works by others gradually emerged,
most were usually limited to an examination of the diag-
nostic superiority of HE4 in comparison with the more con-
ventional CAI125 marker. Most of Moore's studies
generally note the elevation of the biomarker for all stages
of the disease and point out a greater sensitivity with re-
spect to the detection of its early stages in comparison with
CA125. At a specificity of 95%, HE4 sensitivity stands at
45.5% and CA125 sensitivity stands at 24.6%, regardless of
disease stage; in Stage I, HE4 exhibits a sensitivity of ap-
proximately 17% higher than CA125 [17]. According to
Omer et al., who examined HE4 in a group of 64 patients
with endometrial cancer and a control group of 60 patients
with benign tumours, a cut-off of 59.7 pmol/l provided a
sensitivity of 75% at a specificity of 65.5 % [16]. Recent re-
search into HE4 conducted by Angioli e al. examined two
cut-oft values, i.e. 70 and 150 pmol/l; at a specificity of
100%, the achieved sensitivity stood at 59.4% and 35.6%,
respectively. In the case of CA125, a cut-off of 35 IU/ml
and a specificity of 62.14% resulted in a sensitivity of
19.8 % [19]. A study by Zanotti er al. analyzed 195 patients
with endometrial cancer and a control group of 125 healthy
women. HE4 serum concentrations in patients with malig-
nancies were found to be significantly higher regardless of
the stage and grade of the tumour in comparison with
healthy controls. In the case of a given specificity of 95%,
HE4 exhibited a higher sensitivity regarding the detection
of endometrial cancer, namely 66%, while CA125 sensi-
tivity stood at 35% [20].

The present study, which compared two histologically dif-
ferent groups, highlights a significant difference (p < 0.001)
in median HE4 serum levels, i.e. 45 pmol/l in patients with
benign tumours and 74 pmol/l in patients with malignancies.
By contrast, CA125 median values (paradoxically slightly
higher for women with benign tumours at 23 [U/l and 21 TU/l
in the case of patients with malignancies) is statistically in-
significant (p = 0.939). On logistic regression, CA125 was
determined as insignificant in terms of differentiation be-
tween benign and malignant lesions, while HE4 — at a cut-off
value of 48.5 pmol/l — reached a sensitivity of 87.8%, speci-
ficity 56.6%, and negative predictive value of 81.1%, with an
AUC value of 0.769 according to the ROC curve. As com-
parisons of initial stages are prevalent in current clinical prac-
tice, this study focused on a comparison of a group of women
with benign tumours and patients with endometrial cancer
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in Stages I and II, employing logistic regression to examine
CAI125, which also proved to be insignificant in terms of dif-
ferentiation between benign and malignant lesions, and HE4,
which — at a cut-off of 48.5 pmol/l — reached a sensitivity of
85.6% and positive predictive value of 64.3%, with an AUC
value of 0.736 according to the ROC curve.

Conclusion

The set of malignancies examined here includes a dom-
inant histological subtype of endometrial cancer while also
relatively accurately representing the real clinical presen-
tation of endometrioid adenocarcinoma, including a pre-
vailing representation of patients diagnosed in the early
stages of the disease.

This study demonstrated the correlation between HE4
serum levels with malignant histology; moreover, a com-
parison with CA 125 indicated that HE4 is statistically sig-
nificant with respect to the differential diagnosis of benign
and malignant lesions of the endometrium.

The diagnostic benefits of HE4 could be considered es-
pecially in the case of patients at increased risk of en-
dometrial cancer as well as in the case of patients with
serious internal co-morbidities. In combination with clini-
cal and ultrasound findings, HE4 could help with the dif-
ferentiation of prognostically varied patient groups as well
as with the decision-making process associated with the de-
velopment of individual treatment plans.

However, the optimal cut-off for HE4 has not been es-
tablished yet and further studies are needed. The results of
more a extensive study could establish whether or not it is
possible to implement HE4 analysis in routine clinical prac-
tice in the future, hopefully with clear benefits for patient
diagnosis, prognosis, and follow-up.

References

[1] Ferlay J., Shin H.R., Bray F., Norman D., Mathers C., Parkin D.M.:
“Globocan 2012 v1.1, cancer incidence and mortality worldwide:
IARC cancerbase no. 10", Lyon: International Agency for Research
on Cancer, 2012. Available at: http:/globocan-iarc.fr.

[2] DiSaia P.J., Creasman W.T.: (cds). Clinical gynaecologic oncology.
7% ¢d. Philadelphia: Mosby, 2007, 812.

[3] Dundr P.: “Histhological classification of endometrial cancer”. In:
Cibula D., Petruzelka L. (eds). Oncogynecology. Prague: Grada Pub-
lishing, 2009, 459.

[4] Bouchard D., Morriset D., Bourbonnais Y., Tremblay G.M.: “Pro-
teins with whey-acidic-protein motifs and cancer”. Lancet Oncol.,
2006, 7, 167.

[5] Bingle L., Singleton V., Bingle C.D.: “The putative ovarian tumor
marker gene HE4 (WFCD2), is expressed in normal tissues and un-
dergoes complex alternative splicing to yield multiple protein iso-
forms”. Oncogene, 2002, 21, 2768.

[6] Kirchhoff C., Habben 1., Ivell R., Krull N.: “A major human epi-
didymis-specific cDNA encodes a protein with sequence homology
to extracellular proteinase inhibitors”. Biel. Reprod., 1991, 45, 350.

[7] Kirchhoff C.: “Molecular characterisation of epididymal proteins”.
Rev. Reprod., 1998, 3, 86.

|8] Galgano M.T., Hampton G.M., Fricrson H.F.: “Comprchensive



Is human epididvmis protein 4: an effective tool for the differential diagnosis of benign and malignant endometvial tumours?

analysis of HE4 expression in normal and malignant human tissues”.
Mod. Pathol., 2006, 19, 847,

[9] Drapkin R., von Horsten H.H., Lin Y., Mok S.C., Crum Ch.P., Welch
W.R., et al.: “Human epididymis protein 4 (HE4) is a secreted gly-
coprolein that is overexpressed by serous and endometrioid ovarian
carcinomas”. Cancer Res., 2005, 65, 2162,

[10] Hellstrom 1., Rayeraft J., Hayden-Ledbetter M., Ledbetter J.A.,
Schummer M., McIntosh M., ef al.: *“The HE4 (WFCD?2) protein is
a biomarker for ovarian carcinoma”, Cancer Res., 2003, 63, 3695,

[11] Chung H.H., Kim J.W., Park N.H., Song Y.S., Kang S.0., Lec H.P,,
et al.: “Use of preoperative serum CA 125 levels for prediction of
lymph node metastasis and prognosis in endometrial cancer”. Acta
Obstet. Gynecol. Scand., 2006, 85, 1501,

[12] Ebina Y., Sakuragi N., Hareyama H., Todo Y., Nomura E., Takeda
M., et al.: “Para-aortic lymph node metastasis in relation to serum
CA125 levels and nuclear grade in endometrial carcinoma”. Acta
Obstet. Gynecol. Scand., 2002, 81, 458,

[13] Cherchi P.L., Dessole S., Ruiu G.A., Ambrosini G., Farina M., Capo-
bianco G., ef al.: “The value of serum CA124 and association
CA125/CA19-9 in endometrial carcinoma”. Eur: J. Gynecol. Oncol.,
1999, 20, 315,

[14] Farias-Eisner G., Su F., Robbins T., Kotlerman J., Reddy S., Farias-
Eisner R.: *“Validation of serum biomarkers for detection of carly-
and late-stage endometrial cancer”. Am. J. Obstet. Gynecol., 2010,
202,73l

[15] Yurkovetsky Z., Ta’asan S., Skates S., Rand A., Lomakin A., Linkov
F., et al.: “Development of multimarker panel for early d etection of
endometrial cancer. High prognostic power of prolactin”. Gynecol.
Oncol., 2007, 107, 58.

[16] Omer B., Gene S., Takmaz O., Dirican A., Kusku-Kiraz Z., Berk-

28

621

man S., ef al.: “The diagnostic role of human epididymis protein 4
and scrum amyloid-A in carly-stage endometrial cancer patients™.
Tumour Biol., 2013, 34, 2645,

[17] Moore R.G., Brown A K., Miller M.C., Badgwell D., Lu Z., Allard
W.J., et al.: “Utility of a novel serum tumor biomarker HE4 in pa-
tients with endometrioid adenocarcinoma of the uterus”, Gynecol.
Oncol., 2008, 110, 196.

[ 18] Moore R.G., Miller M.C., Disilvestro P., Landrum R.M., Gajewski
W., Ball 1), et al.: “Evaluation of the diagnostic accuracy of the risk
of ovarian malignancy algorithm in women with a pelvic mass”, Ob-
stet. Gynecol., 2011, 118, 280,

[19] Angioli R., Plotti F., Capriglione S., Montera R., Damiani P., Ric-
ciardi R., ef al.: “The role of novel biomarker HE4 in endometrial
cancer: a case control prospective study”, Tumour Biol., 2013, 34,
571.

[20] Zanotti L., Bignotti E., Calza S., Bandiera E., Ruggeri G., Galli C.,
et al.: “Human cpididymis protein 4 as a serum marker for diagno-
sis of endometrial carcinoma and prediction of clinical outcome™.
Clin. Chem. Lab. Med., 2012, 50, 2189.

Address reprint requests to;

L. MINAR, M.D., Ph.D.

Department of Obstetrics and Gynaecology
Faculty of Medicine, Masaryk University Brno
and University Hospital Brno

Obilni trh 11

602 00 Brno (Czech Republic)

e-mail: lubosminar@seznam.cz



3.2. Human epididymis protein 4 a jeho vyznam pro diferencialni diagnostiku ovarialnich

tumora

Ovarialni rezistence predstavuji frekventni problematiku gynekologickych patologii bez ohledu
na menopauzalni status pacientek. Ve vétSin€ pfipadl se jedna o funkéni nebo benigni nalezy.
Tyto jsou zpravidla diagnostikovany a feSeny na zakladni urovni gynekologické péce, nékdy i
bez nutnosti operacni intervence s adekvatni dispenzarizaci. Podminkou je existence citlivych
metod, které pomahaji v diferencidlni diagnostice. Problematika ovaridlnich 1ézi se vyznacuje
specifikem, které tyto patologie odliSuje od patologii dalSich gynekologickych organti. A sice, Ze
v téchto piipadech zpravidla nemame vzhledem Kk anatomické lokalizaci déloZznich adnex
ptedoperacné k dispozici histologicky nalez, ktery ziskdvame az peroperacné. Z tohoto divodu
musi byt specidlni diraz kladen pravé na piedoperacni diferenciaci pravdépodobné biologické
povahy ovaridlnich nalezli. Na zaklad¢ téchto informaci pak probiha distribuce pacientek k dalsi
péci. Zasadnim momentem, ktery ve svém dusledku vyrazné ovlivituje prognézu pacientek, je
referovdni, doSetfeni a vlastni terapie pacientek se zhoubnym nddorem vajecniku na trovni
onkogynekologickych center, kterd disponuji pfislusnymi specializovanymi tymy.

Dv¢ zakladni metody uplatiiujici se v diferenciaci ovarialnich tumort piedstavuji ultrazvukové
vySetfeni a stanoveni nadorovych markerii. Ultrazvukové vysetfeni na expertni urovni provadéné
sonografistou erudovanym v onkogynekologii pfitom hraje st€Zejni roli [24,25]. AvSak adekvatni
vyhodnoceni povahy ultrazvukovych nalezii vyzaduje zna¢nou zkusenost, ktera je sice dostupna
na urovni onkogynekologickych center, nikoliv v8ak na niz§ich urovnich péce [26]. Z tohoto
pohledu zaujima velice dileZitou ulohu pravé problematika jednoduSe interpretovatelnych
nadorovych markeri vySetfitelnych ze snadno dostupného biologického materidlu (napf.
z krevniho séra) [27].

Klicovym historickym markerem z tohoto pohledu je antigen CA125 s etablovanou horni mezi

fyziologického rozmezi [28]. Problémem je niz§i senzitivita v casnych stadiich nemoci, a proto
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je pfistup Vv této problematice zaméfen na hledani dalSich markert a jejich vyuziti v rdmci
kombinovanych nadorovych indext s cilem dosdhnout zlepseni diagnostické hodnoty. V tomto
ohledu se zacal uplatnovat lidsky epididymalni protein 4 vyznacujici se ve srovnani s CA125
vys$i specificitou a niz$i mirou fale$Sné pozitivity pfi pfitomnosti benignich ovaridlnich 1ézi
(napf. endometridzy) [29-32]. V uvahu je naopak nutno brat jeho vyssi faleSnou pozitivitu danou
koincidenci s nékterymi dal$imi malignitami (karcinom plic nebo endometria) nebo rendlnim
selhanim [33]. Dalsim smérem ve zvySeni efektivity vyuziti nadorovych markeri v diferencialni
diagnostice je konstrukce nadorovych indext. V nich jsou kromé vlastnich nadorovych markeri
zakomponovany rovnéz individudlni charakteristiky nemocnych s cilem zvysit efektivitu
na podklad¢ individualizace diagnostického procesu. Etablovanym indexem v klinické praxi je
z tohoto pohledu ROMA index (Risk of Ovarian Malignancy Algorithm), ktery je kalkulovan
ze sérovych hodnot CA125, HE4 a menopauzalniho statutu pacientek [34-36].

vyuziti 1 z geografického hlediska pfi soucasném zvySeni (nebo alespont zachovani)
diferencialné-diagnostického piinosu metody bylo hledani jednodussich proménnych
ke kalkulaci dalsich indexti [37]. Pozornost autora se zaméfila timto smérem s analyzou piinosu
nového indexu (Copenhagen Index, CPH-I), ktery inkorporuje, krom¢ sérovych hodnot CA125 a
HE4, parametr véku jako snadno dosazitelnou proménnou. Ptinos tohoto indexu pro klinickou
praxi je deklarovan analyzou vlastniho souboru pacientek, vystupy analyzy byly publikovany
Vv Casopise, ktery je oficidlni publikaci Mezinarodni federace gynekologie a porodnictvi (FIGO)

(viz priloha 3.2.1.).
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1 | INTRODUCTION

Abstract

Objective: To compare the Copenhagen Index (CPH-1) and the Risk of Ovarian
Malignancy Algorithm (ROMA) in the differential diagnosis of ovarian tumors.
Methods: In a retrospective study, data were reviewed from women with ovarian
tumors who attended University Hospital Brno, Czech Republic, between July 2011
and June 2015. The women were classified into the benign tumor group or malignant
tumor group (borderline and malignant tumors). Serum levels of CA125 and HE4 were
extracted from medical records. The two tumor indices were calculated using relevant
clinical data.

Results: Among 267 included women, 110 had benign tumors, 42 had borderline ovar-
ian tumors, and 115 had malignant tumors. The two indices showed similar discrimina-
tory performance with no significant differences (P>0.05). In the differentiation of
benign tumors from all stages of borderline tumor and ovarian cancer, ROMA showed
a sensitivity of 71% at a specificity of 88%, whereas CPH-| showed a sensitivity of
69% at a specificity of 85%.

Conclusion: CPH-| is a potential tumor index that is independent of menopausal status.
It might be applied as a simple alternative to ROMA in settings of basic medical care.

KEYWORDS
Cancer antigen 125; Copenhagen Index; Human epididymis protein 4; Ovarian tumor;
Risk of Ovarian Malignancy Algorithm

onco-gynecologic centers, might not be offered at facilities not spe-
cializing in these pathologies.

Pelvic adnexal masses are fairly common in the female population
irrespective of menopausal status. They are benign in most cases
and can be managed in non-specialized centers, sometimes with only
follow-up and without the need for surgical treatment. Nevertheless,
an accurate differential diagnosis—which helps to determine treat-
ment strategies and, in the case of suspicious lesions, whether a
patient should be referred to an onco-gynecologic center—has
a crucial function. Specifically, expert ultrasonography examina-
tion plays an important part in the differential diagnosis of adnexal
masses.> > However, the evaluation of these lesions requires con-

siderable experience that, although usually available at specialized

Standardized testing for serum tumor markers constitutes a uni-
versally available diagnostic tool. The key marker investigated for epi-
thelial ovarian cancer (EOC) is primarily cancer antigen 125 (CA125).
Its sensitivity varies depending on the stage of the disease. Abnormal
serum levels are present in 80%-90% of women with stage Ill-IV
disease, but in only approximately 50% of those with stage | dis-
ease.*> Another laboratory marker used for the differential diagnosis
of adnexal masses is human epididymis protein 4 (HE4), which is fre-
quently overexpressed in cases of EOC. Even though HE4 has higher
specificity than CA125, it has a higher rate of false-positivity in the
presence of some malignancies (e.g. lung cancer, endometrial cancer),
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renal disease, and effusions in body cavities.® As compared with
CA125, however, HE4 is associated with lower rates of false-positivity
in benign gynecologic diseases (especially endometriosis).”*°

Efforts are continuing in the search for indices based on known
serum levels of tumor markers that, in combination with individualized
characteristics of the patient, provide the potential for the simplifica-
tion and simultaneous personalization of the diagnostic process. First
described by Moore et al.,** the Risk of Ovarian Malignancy Algorithm
(ROMA) is based on CA125 and HE4 levels and menopausal status,
and has been incorporated into clinical prac‘tice.u"20 However, a
shortcoming of studies assessing ROMA is the use of different defini-
tions of menopause (e.g. absence of menstrual bleeding for more than
1 year, age 250 years for women who have undergone hysterectomy,
and follicle-stimulating hormone levels >40 1U/L).%1-23

In line with this, the search for new measures and simple sensitive

1.2* reported a novel

indices continues. In a pilot study, Karlsen et a
marker, the Copenhagen Index (CPH-I), that is calculated from the
serum levels of CA125 and HE4, and the patient’s age as an immedi-
ately available variable. The presumption that CPH-I might yield high
sensitivity is based on the fact that HE4 serum levels increase contin-
uously with age without a sharp change at the time of menopause.?>%

The aim of the present study was to compare the performance of
CPH-I and ROMA, and to assess the potential contribution of CPH-I

to the differential diagnosis of ovarian tumors.

2 | MATERIALS AND METHODS

In a retrospective study, data were reviewed from women with ovar-
ian tumors diagnosed between July 1, 2011, and June 30, 2015, at the
Department of Gynecology and Obstetrics at the University Hospital
Brno in the Czech Republic. The analysis included all women with both
benign tumors and malignant tumors categorized as borderline ovar-
ian tumor (BOT), EOC, and non-epithelial ovarian cancer who were
treated surgically. Exclusion criteria were the presence of another
malignancy and simultaneous treatment for benign non-gynecologic
comorbidities and gynecologic extra-ovarian processes associated
with elevated serum levels of HE4 and CA125 (i.e. liver and kidney
disorders, autoimmune disease, pelvic inflammation, or large fibroids).
The Ethical Committee of the University Hospital Brno, Czech
Republic approved the study (reference number 160117). All partici-
pants gave written informed consent at the time of surgical treatment
for the use of their anonymized data in future studies.

Study data were extracted from medical records. All women
included in the study had undergone intraoperative blood sampling
to determine venous serum levels of the tumor markers CA125 and
HE4. Serum samples were separated by centrifugation and immedi-
ately processed. The quantitative determination of CA125 and HE4
was performed by chemiluminescent immunoassay using an Architect
1000i analyzer (Abbott, Abbott Park, IL, USA). Information on the
biology of an ovarian tumor was obtained by histopathologic exam-
ination; for women in the malignant group, the stage of disease was

also determined.
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Prognostic index values (ROMA and CPH-I) were calculated
for all women on the basis of their CA125 and HE4 serum levels,
and menopausal status (ROMA) or age (CPH-1). Menopausal status
was determined according to the serum level of follicle-stimulating
hormone with a cutoff value of 40 IU/L. ROMA and CPH-I indi-
ces were calculated with respect to cutoff points of 13.1% for pre-
menopausal women and 27.7% for postmenopausal women using
the formula of Moore et al.,'! and 7% using the formula of Karlsen
et al., 2 respectively.

Data analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and receiver operative curve (ROC) analysis
was done with R version 3.2.1 (R Foundation for Statistical Computing,
Vienna, Austria). Categorical variables were reported as number (per-
centage) and continuous variables as median (range). Pearson )gz test
was used to evaluate inter-group differences and P<0.05 was consid-

ered significant.

3 | RESULTS

During the study period, 267 women met the study criteria and were
included in the analysis. Histologically benign findings were estab-
lished for 110 women, whereas 42 women were diagnosed with BOT,
103 with EQC, and 12 with non-epithelial ovarian cancer.

Among the 110 women diagnosed with benign tumors, 48 (43.6%)
had epithelial tumors, 14 (12.7%) germ cell tumors, 10 (9.1%) sex cord
stromal tumors, 30 (27.3%) endometriomas, and 8 (7.3%) functional
cysts. All 42 women with BOT were in the early stage of the disease
(stage I-11). Among the 103 women with EOC, 70 patients (68.0%) had
advanced disease (stage Ill-1V); this finding is in agreement with the
distribution of stages of ovarian epithelial malignancies observed in
clinical practice. Among the 12 women with non-epithelial ovarian
cancer, four were diagnosed at stage Il and eight were diagnosed at
an early stage of disease.

The key characteristics of individual patient subgroups according
to histopathologic diagnosis are listed in Table 1. The median age of
women in the benign group and BOT group was similar, and the range
was nearly identical. Similarly, median age was very similar in the EOC
and non-epithelial ovarian cancer groups. Whereas menopausal status
was balanced among patients with benign lesions, postmenopausal
patients constituted the majority of all other groups, particularly in the
EOC group. Women with EOC had the highest serum levels of CA125
and HE4. This finding was probably significantly influenced by the high
prevalence of advanced stages of EOC. Therefore, the predicted prob-
ability of malignancy was highest for the EOC group as compared with
the other groups.

The ability of the CPH-1 and ROMA indices to differentiate various
ovarian tumor groups and subgroups was compared (Table 2). The dis-
criminatory performance of the two indices was similar; no significant
difference was observed between the two indices in any comparison
(P>0.05). The highest discriminatory ability of the indices, measured
by area under the curve (AUC), was obtained when comparing benign

tumors versus EOC stages Ill-1V and all malignant tumors (EOC and
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TABLE 1 Characteristics of the study women by tumor type.?

OGY

G 2)'é
a)BSTF,TRI(IS

WILEY-22

Benign ovarian
Characteristic tumors (n=110)
Age,y 55.0(17.0-83.0)
No. of premenopausal/postmenopausal women 55/55
HE4, pmol/L 46.5(20.3-193.2)
CA125, IU/mL 19.9 (5.3-1111.0)

Predicted probability of ROMA, %
Predicted probability of CPH-I, %
No. with disease stage I-1I/1ll-IV

8.4(1.0-71.1)
2.2(0.2-63.8)

Borderline ovarian
tumor (n=42)

57.0(15.0-83.0)
17/25
67.2(24.2-198.1)
42.1(8.1-620.4)
18.2(1.4-72.4)
5.5(0.2-60.1)
42/0

Epithelial ovarian
cancer (n=103)

64.0 (34.0-91.0)
28/75
246.1(34.1-11625.0)
281.3(5.5-5500.0)
84.4(3.4-99.9)
75.4(0.6-100.0)
33/70

Non-epithelial
ovarian cancer (n=12)

62.0(22.0-78.0)
4/8

52.9 (32.9-246.4)
42.2 (13.7-330.3)
25.8(2.9-86.8)
6.3(0.3-82.4)
8/4

Abbreviations: HE4, human epididymis protein 4; CA125, cancer antigen 125; ROMA, Risk of Ovarian Malignancy Algorithm; CPH-I, Copenhagen Index.

Values are given as median (range) unless stated otherwise.

TABLE 2 Comparison of CPH-I and ROMA in the discrimination
of ovarian tumor groups.

AUC CPH-I AUC ROMA P

Group comparison (95% Cl) (95% Cl) value

Benign vs BOT 0.65 (0.55-0.75) 0.69 (0.59-0.79) 0.180

Benignvs BOT +  0.68 (0.60-0.75) 0.71 (0.63-0.78) 0.113
OC stages I-II

Benignvs BOT+  0.70(0.62-0.78) 0.73(0.65-0.80) 0.223
EOC stages I-Il

Benignvs BOT +  0.81(0.76-0.86) 0.83 (0.78-0.88) 0.099
OC stages |-V

Benignvs BOT+  0.83(0.78-0.88) 0.84 (0.80-0.89) 0.211
EOC stages I-IV

Benign vs OC 0.70 (0.59-0.81) 0.72 (0.62-0.83) 0.242
stages |-l

Benign vs EOC 0.77 (0.66-0.87) 0.78 (0.68-0.88) 0.654
stages |-

Benign vs OC 0.96 (0.93-0.99) 0.97 (0.94-0.99) 0.349
stages llI-IV

Benign vs EOC 0.96 (0.93-0.99) 0.97 (0.94-0.99) 0.537
stages IlI-IV

Benign vs OC 0.87 (0.82-0.92) 0.88 (0.83-0.93) 0.176
stages |-V

Benign vs EOC 0.90 (0.86-0.95) 0.91(0.86-0.95) 0.533
stages |-1V

BOT vs OC 0.59 (0.46-0.72) 0.59 (0.46-0.72) 0.982
stages |-

BOT vs EOC 0.67 (0.54-0.80) 0.65 (0.52-0.79) 0.577
stages |-l

BOT vs OC 0.93 (0.89-0.98) 0.93 (0.88-0.97) 0.448
stages lll-IV

BOT vs EOC 0.94 (0.90-0.98) 0.93(0.88-0.98) 0.204
stages -1V

BOT vs OC 0.81(0.75-0.88) 0.81(0.74-0.87) 0.694
stages |-V

BOT vs EOC 0.85(0.79-0.91) 0.84 (0.78-0.90) 0.281
stages |-1V

Abbreviations: CPH-l, Copenhagen Index; ROMA, Risk of Ovarian
Malignancy Algorithm; AUC, area under curve; Cl, confidence interval;
BOT, borderline ovarian tumor; OC, malignant ovarian tumor (EOC + non-
epithelial OC); EOC, epithelial ovarian cancer;.

non-epithelial ovarian cancer) of stages IlI-IV. The CPH-I and ROMA
indices showed similarly high differentiation of benign tumors from
EOC of all stages (Fig. 1).

In the differentiation between benign findings and early stages
of malignancy, the performance of both indices decreased. ROMA
seemed to be slightly more efficient than CPH-I in differentiating
between benign tumors and BOT plus EOC stage |-l (Fig. S1). Both
indices showed decreased performance in the discrimination between
benign lesions and BOT plus stage I-1I malignant tumors (Fig. $2).

In the discrimination of benign tumors from a group comprising
BOT and all stages of malignant tumors, the performance of both
ROMA and CPH-Iwas higher owing to the preponderance of advanced
stages of disease (Fig. 2). The differentiation of benign tumors from
the group comprising BOT and all stages of EOC was slightly more
sensitive (Table 2).

100
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FIGURE 1 Comparison of receiver operator characteristic
curves for CPH-1 and ROMA in the discrimination of benign tumors
from epithelial ovarian cancer stages |I-IV. Abbreviations: CPH-I,
Copenhagen Index; ROMA, Risk of Ovarian Malignancy Algorithm;
AUC, area under the curve.
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FIGURE 2 Comparison of receiver operator characteristic curves
for CPH-1 and ROMA in the discrimination of benign tumors from

all malignant tumors (borderline ovarian tumors and ovarian cancer
stages |-1V). Abbreviations: CPH-I, Copenhagen Index; ROMA, Risk
of Ovarian Malignancy Algorithm; AUC, area under the curve.

The sensitivity and specificity of CPH-I and ROMA with respect to
the discrimination of benign lesions from different groups of ovarian
tumors were determined (Table 3). The best results were achieved for the
discrimination of benign tumors from EQC of all stages. The performance
of both indices decreased for the differentiation of benign tumors from
a group including BOT and all stages of malignant tumors. Regarding the
ability to differentiate between benign lesions and a combination of BOT
and early stages of malignancy, both indices decreased in sensitivity.

4 | DISCUSSION

The present retrospective study included women with all histo-
logic types of primary ovarian tumors—i.e. both benign lesions and
malignant tumors, including BOT, EOC and non-epithelial ovarian
cancer. The results demonstrate that CPH-I and ROMA have simi-
lar discriminatory performance; no significant difference between
CPH-I and ROMA was identified in any evaluation in the study.
In differentiating between benign tumors and all stages of BOT
and malignant tumors, the AUC was 0.81 for CPH-I and 0.83 for
ROMA. Regarding other intergroup comparisons, the best perfor-
mance was achieved in the discrimination of benign tumors from
EQC of all stages, with an AUC of 0.91 for ROMA and an AUC of
0.90 for CPH-I.

Karlsen et al.?*

were the first to evaluate the potential benefit of
CPH-1 in a differential diagnosis of ovarian tumors on the basis of a
multicenter study. Only data from women with benign tumors and
EOC were evaluated, and CPH-I, ROMA, and the Risk Malignancy
Index (RMI) were evaluated. Whereas CPH-I and ROMA use serum
tumor markers and individual patient characteristics (age or meno-
pausal status), RMI incorporates ultrasonography features of the
lesion with menopausal status and serum CA125. The study was
based on two patient cohorts: a training population from one center,
and a validation population from eight centers. The analysis resulted
in AUC values of 0.960 (CPH-1), 0.954 (ROMA), and 0.959 (RMI) for
the training study, and 0.951 (CPH-1), 0.953 (ROMA), 0.935 (RMI) for
the validation study.?® These findings are consistent with those of the
present study: in the discrimination of benign tumors from EQOC, the
AUC was 0.91 for ROMA and 0.90 for CPH-I. Although the perfor-
mance of ROMA was slightly higher, there was no significant differ-
ence between the two indices.

TABLE 3 Performance of CPH-I and ROMA in the discrimination of benign tumors from BOT and OC at standard cutoff points.”

Comparison Sensitivity, % Specificity, % Positive predictive value, % Negative predictive value, %
Benign vs BOT + OC stages |-1V
CPH-I 69 (61-76) 85 (76-91) 86 (79-92) 65 (57-73)
ROMA 71(64-78) 88 (81-94) 90(83-94) 68 (60-76)
Benign vs EOC stages I-1V
CPH-I 80(72-87) 85 (76-91) 84 (76-91) 80 (72-87)
ROMA 78 (70-85) 88(81-94) 87(79-93) 80(71-86)
Benign vs BOT + EOC stages |-l
CPH-I 49 (38-61) 85(76-91) 69 (54-80) 71(62-79)
ROMA 57 (45-69) 88 (81-94) 77 (64-87) 75 (67-82)
Benign vs BOT + OC stages |-Il
CPH-I 47 (36-58) 85 (76-91) 70(56-81) 68 (59-76)
ROMA 53 (42-64) 88 (81-94) 77 (64-87) 71(63-79)

Abbreviations: CPH-l, Copenhagen Index; ROMA, Risk of Ovarian Malignancy Algorithm; BOT, borderline ovarian tumor; OC, malignant ovarian tumor

(EOC + non-epithelial ovarian cancer); EOC, epithelial ovarian cancer.

*Values in parentheses are 95% confidence intervals.
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Notably, in the discrimination of benign tumors from BOT and OC
of all stages, the discriminatory performance of both indices decreased,
although the performance of ROMA remained slightly (but nonsignifi-
cantly) higher. Nonetheless, the inclusion of all types of primary malig-
nant ovarian tumor and their proportional representation in the present
study, including the stages of disease, reflect the distribution of these
tumors observed in clinical practice. As compared with an assessment
limited to benign tumors and EOC, therefore, the present analysis
might provide a more appropriate format for understanding the actual
contribution of CPH-I to clinical practice. The decrease in the discrimi-
natory performance for any type of malignant tumor to 0.81 for CPH-|
and 0.83 for ROMA observed in the present study should be taken into
account during diagnostic decision-making in cases of various suspi-
cious ovarian lesions ascertained at the level of basic ultrasonography.
In other words, the possibility of less common tumors (i.e. BOT or non-
epithelial ovarian cancer) should not be ruled out in these cases.

Ultrasonography is the dominant diagnostic method with respect
to ovarian tumors, placing considerable demands on the specialists in
charge of such diagnoses.?”?® This consequently creates an import-
ant need for a simple and reliable laboratory marker or a marker
index with high sensitivity and specificity. Such a marker should
be accessible at the stage of basic medical care and incorporate a
degree of personalization—i.e. individual patient characteristics and
laboratory marker serum levels. CPH-| seems to satisfy these condi-
tions fairly well.

The present study has some limitations, including its monocentric
design and retrospective nature. The findings of the analysis should be
confirmed in wider populations.

In conclusion, CPH-I might be applicable as a biochemical tumor
index that is independent of menopausal status. It can be applied as
a simple alternative to ROMA in settings of basic medical care where
expert ultrasonography is not available. Further investigation of the
utility of CPH-1 in populations of different ethnic origin is the next
logical step in the assessment of CPH-I.
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3.3. MikroRNA v onkogynekologickém vyzkumu se zaméifenim na karcinom ovaria a

endometria

MikroRNA ziskavaji velice dilezité misto v onkogynekologickém zakladnim vyzkumu. Jejich
vyskyt neni omezen pouze na buiiky a tkdn¢, ale jsou piitomny i jako rizné extracelularni frakce,
tedy ve zna¢ném mnozstvi i v télnich tekutinach jako ve snadno dostupném biologickém
materialu [13]. VSechny télni tekutiny obsahuji bunéfnou i nebunétnou frakci mikroRNA.
Terminologicky se hovofi o cirkulujici mikroRNA v souvislosti s krevnim ob&hem, tento termin
se tedy pouziva piedev§im pro sérum/plazmu, ev. plnou krev, piipadné pro mikroRNA
cirkulujicich bun¢k a krevnich elementt [38,39]. V piipadé ostatnich télnich tekutin (mj. mo¢,
peritonealni vypotek, resp. ascites) se jedna o extracelularni (cell-free) mikroRNA [40-42].
Plazma a krevni sérum jsou Siroce vyuzivany pro hodnoceni exprese mikroRNA, rozviji se vsak 1
studie zamétené na detekci jejich diagnostického a prognostického potencialu v dalSich télesnych
tekutinach [43-45]. Autor je soucasti vyzkumného tymu, jehoz pfedmétem zajmu je detekce
deregulace exprese mikroRNA v souvislosti s ovaridlnim a endometrialnim karcinomem v mo¢i
a ascitu. Pomoci molekuldrné-biologickych metod je zkoumana exprese kandidatskych
mikroRNA v mo¢i s dirazem na zjisténi diference mezi patologickymi a kontrolnimi vzorky
nebo v zavislosti na absolvované terapii a jejim rozsahu, resp. komplexnosti. V ramci vyzkumu
jsou podrobovany analyze rovnéz rozdilné metody izolace mikroRNA z moci a v souvislosti
S tim posuzovana variabilita v deregulacich exprese v riiznych frakcich mikroRNA. Zkouman je
rovnéz vliv celé fady dalSich faktort,, které mohou ovlivnit expresi mikroRNA v moci, tedy
diagnosticky potencial extracelularni mikroRNA, jako napf. hormonélni stav organismu, zevni
vlivy jako nutri¢ni faktory nebo koufeni. Této problematice je vénovana priloha 3.3.1.

Dalsi smér zajmu je vénovan potencialnimu vyuziti mikroRNA derivované ascitem v souvislosti
s karcinomem vajecniku. Asciticka tekutina predstavuje negativni prognosticky faktor, ktery je

frekventné zastoupen piedev§im v pokroc€ilych stadiich nemoci, vyskytuje se vSak i v ¢asnych
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stadiich [46,47]. Vyzkum se zaméfuje na rozsahlé profilové zpracovani exprese mikroRNA
(v tadu nékolika stovek typl) z extracelularnich frakei ascitické tekutiny a provedeni srovnani
se vzorky plazmy zdravych kontrol. V publika¢nim vystupu vyzkumné skupiny, jejimz je autor
Clenem, byla zjiSténa signifikantné rozdilnd exprese tykajici se cca 20% analyzovanych
mikroRNA. Exprese vybranych mikroRNA pak byla diale hodnocena v extendovanych
souborech zahrnujicich serdzni, mucinozni a endometroidni histotypy ovaridlniho karcinomu.
Vystupem bylo zjisténi, ze rozdilné trovné exprese nékterych typt mikroRNA jsou asociovany
s vyraznou diferenci tykajici se celkového preziti nemocnych. Tato inicialni zjiSténi signalizuji,
ze ascitem derivované mikroRNA by mély byt déle zkoumany a vySetfovany jako potencialni

diagnosticky a prognosticky faktor ovarialniho karcinomu (viz pFiloha 3.2.2.).
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MicroRNAs (miRNAs) are key regulatory molecules implicated in fundamental cell processes. Recent investigations
have been focused to investigate their diagnostic potential also in various body fluids. Plasma and serum are widely used
for these purposes. Urinary miRNAs, as the easily available type of sample, have been explored particularly in urological
diseases recently. However, we have shown previously that differential expression of urinary cell-free miRNAs may be
observed also in gynaecological cancers, such as ovarian and endometrial cancers. In the present article, we focus on the
differences in particular urine cell-free miRNA abundance among different samples including particularly ovarian and
endometrial cancers and rare gynaecological diagnoses involved in the study. Using raw abundance miRNA expression
data, we confirmed significant up-regulation of miR-92a in ovarian cancer, and significant down-regulation of miR-106b
in endometrial cancers. As miR-21 appeared up-regulated in the endometrial cancer similarly as in the verification process,
where also miR-106b resulted in significant down-regulation in ovarian cancer, these miRNAs may be good candidates
for further evaluation as novel diagnostics.

To find out why supernatant but not exosomal urine miRNAs fraction resulted in significant results in regards to de-
regulation of expression, we performed a comparison of the same urine samples isolated by these two manners. We show that
diagnostic potential of cell-free urinary miRNAs may depend on the urine fraction used for the isolation. While particular
urinary miRNAs may be enriched, other may reveal unchanged or diminished expression in the exosomal fraction in com-
parison with supernatant fraction, giving differences also between cancer and control samples. More research will be needed
to further explore which kind of cell-free samples would give better results for diagnostic purposes in various diagnoses using
urinary samples and investigating cell-free miRNAs expression. Meanwhile, different urine fractions should be explored for

their miRNA expression to establish novel diagnostic urinary miRNA markers.

Key words: ovarian cancer, endometrial cancer, cell-free urine, microRNAs, exosomes, diagnostics

Ovarian cancer is the deadliest gynaecological cancer
while endometrial cancer is the most common gynaecological
cancer in developed countries [1-2]. Epithelial ovarian cancer
accounting for about 90% ovarian cancer cases is typical by
a heterogeneous histopathological nature resulting in several
subtypes based both on classical histological or molecular
classifications [3-4]. Different parts of the gynaecological tract
are suspected to play a key role in ovarian carcinogenesis while
processes of epithelial to mesenchymal (and vice versa) transi-
tion and cancer stem cells may be implicated [5-7]. Two types
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of endometrial cancer have been recognized, however novel
ongoing classifications based on the molecular traits suggest
new insights into the endometrial cancer classification [8].
The vast majority of ovarian cancer cases are diagnosed
in the late stages resulting in significant decrease in over-
all survival [1, 9]. Disease recurrence and resistance to
chemotherapy are common obstacles in the achievement
of the treatment success [10]. In endometrial cancer, the
majority of cases are diagnosed based on uterine bleed-
ing, however, there is a proportion of patients which do
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not exhibit early disease symptoms. Currently, there is no
generally accepted marker that could be used in screening
of these two cancers. Similarly, the novel diagnostic markers
for the early diagnosis of ovarian and endometrial cancers
are still needed [11-15].

With the shift from the tissue and cell lines-based investiga-
tions towards the clinically more relevant samples such as body
fluids, their diagnostic potential has emerged in many diseases
recently. Serum and plasma samples are the most prominent
investigated sample types; however urine has attracted several
studies seeking novel diagnostic markers or tools for ovarian
cancer as well. Different approaches have been applied in
search for novel urine diagnostic tools exploring for example
proteins such as HE-4 [16] or using novel proteomic meth-
ods [17], fluorescence characteristics [18-19], or microRNAs
expression (see next).

MicroRNAs (miRNAs) are key regulatory molecules
operating in a post-transcriptional regulation of gene
expression. Being implicated in the fundamental cell proc-
esses, they have been found associated with the pathological
states including carcinogenesis [20], and also occurring in
various body fluids [21]. However, there is only a limited
number of studies focused on body fluids based miRNAs
expression available in gynaecological cancers (reviewed
in [22]). Only two studies have been published for urinary
miRNAs in ovarian cancer recently [23-24], one of these
including also the endometrial cancer [23]. In addition to
ovarian and endometrial cancers, the cervical cancer rep-
resents the third most important gynaecological cancer. As
far as we are aware, there has not been any study published
for urinary miRNAs in this cancer. The vast majority of
urinary miRNAs research has been published in urologi-
cal cancers such as bladder, prostate and kidney cancers
(see [26]). However, it may be assumed that studies will be
coming soon also in other cancers, breaking the view that
urinary miRNA markers are not suitable for the diagnostic
purposes in non-urological diseases. Many obstacles yet
prevent introduction of urinary miRNAs as cancer diag-

nostics regarding particularly methodological aspects and
insufficient number of independent studies (see [22]).

As above mentioned, we have explored the novel diagnostic
potential using urine miRNAs samples of ovarian cancer and
endometrial cancer patients recently [23]. We have found that
miRNAs may not only be found in cell-free urine, but may
be differentially expressed between the cancer and control
samples using supernatant miRNAs, but not the exosomal
miRNAs. Using supernatant fractions of urine, we have shown
that miR-92a may be up-regulated significantly and miR-106b
down-regulated significantly in ovarian cancer. In endometrial
cancer, we have found miR-106b down-regulated in endome-
trial cancer [23].

In the present article, we extended this urinary microRNA
research including several other gynaecological diagnoses in
addition to ovarian and endometrial cancers. We explored the
expression in further analyses showing differences in overall
abundance of particular miRNAs across different samples. We
compared the same samples isolated both as supernatant and
exosomal fractions of urinary miRNAs, showing that these
fractions may harbour different diagnostic potential associ-
ated with different microRNA content. Elucidating the factors
affecting urinary miRNA expression is necessary for further
investigations and their interpretations. These factors may
have important impact on establishing particular miRNAs as
diagnostic markers with respect to the methodology applied
in various body fluids and clinical diagnoses associated with
the gynaecological tract.

Material and methods

Clinical samples, modes of sampling, and isolation of RNA
and qPCR analyses generally follow the description (including
detailed clinicopathological assessment) provided previously
[23], except for the extended data set with additional diagnoses
provided in the present study.

Clinical samples. Briefly, second morning urine of patients
with epithelial ovarian cancer and fallopian tube cancer,

Table 1. Summary of clinicopathological data for patients and samples used in the S1 experiment

Type of sample FIGO stage Grade Ageatsurgery Metastases status at surgery Recurrence'  Death'
Epithelial ovarian cancer

Serous pre-surgery

UCB310A Ic 111 53 MO no no
UCB318A 3a 111 55 yes, in omentum yes (10) yes (12)
UCB417A 3c 111 64 yes, in omentum and peritoneum no no
Mucinous (pre-surgery)

UCB315A Ic I 72 MO no no
Serous post-chemotherapy (disease recurrence)

UCB425C* ic 111 56 MO yes (16) no
Fallopian tube cancer (pre-surgery)

UCB902A 3¢ 1 77 yes, extensively including omentum yes (15) 1no

"' month after surgery, ? five months after surgery, 2 months after chemotherapy (used in [23] in extended data set)
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Table 2. Summary of clinicopathological data for patients and samples used in the §2 experiment
Type of sample FIGO stage Grade Ageatsurgery  Metastases status at surgery  Recurrence' Death'
Epithelial ovarian cancer
Serous pre-surgery
UCP12 3c 11 68 yes, in peritoneum nfa n/a
Serous post-surgery
UCB318C (7 months after surgery, 8 days after 1 I 55 yes, I omentum yes (10) yes (12)
chemotherapy)
Mucinous (pre-surgery)
UCB315A lc 1l 72 MO0 no no
Mixed endometrioid ovarian cancer/endometrioid
endometrial cancer (pre-surgery)
UCP5 3¢ 11 57 n/a nfa nfa
Endometrial cancer
Type 1 endometrioid endometrial cancer
ucPs la 11 77 n/a n/a nfa
UCP9 (mixed with undifferentiated carcinoma) n/a n/a 86 n/a n/a n/a
UCPI11 3b n/a 64 n/a n/a nfa
UCP13 n/a n/a 91 n/a n/a nfa
UCP15 n/a 1-111 71 n/a n/a n/a
Benign samples - ovarian type
UFBO01 (ovarian fibroma) 66
UCP14 (ovarian thecofibroma) 74 - - -
Benign samples - endometrial type
UCP7 (endometrial polyp) 65 - - -
UCP10 (endometrial leiomyomas) 68 -

'month after surgery

endometrial cancer and eventually other gynaecological
diagnoses* was collected before the surgery, and partially col-
lected as post-surgery, and post-chemotherapy ovarian cancer
samples at the University Hospital Brno (FN Brno, samples
designated as UCB) and the Institute of the Care of Mother
and Child Prague (UPMD Praha - Podoli, samples designated
as UCP). Control urine samples came from the Transfusion
Department, General University Hospital Prague (VEN Praha)
and were provided by healthy blood donor volunteers (post-
menopausal women). These samples were used as the reference
for post-menopausal patients. Additionally, pre-menopausal
women using and not-using hormonal contraception were
isolated as pooled urine to observe potential differences. All
patients enrolled in the study were Caucasians of the Czech
nationality and provided written informed consent. This
research was approved by a multicentre Ethical Committee
of the General University Hospital Prague. Urine Collection
and Preservation Tubes (Norgen Biotek Corp., Canada) en-

suring stabilization of urine samples were used for the urine
collection. A brief summary of samples and clinical diagnoses
used in three experiments (see later) is given in table 1 (S1
experiment), table 2 (S2 experiment) and tables 3a,b (Exosome
experiment), Supplementary Table 1 (additional diagnoses
in the Exosome experiment), and Supplementary Table 2
(control samples).

Urine processing. The protocol for processing the whole
urine (Urine Total RNA Purification Maxi Kit, Slurry Format,
Norgen Biotek Corp., Canada) was followed according to
manufacturer instructions with some modifications ensuring
isolation of cell-free urine fractions. Methods are described
in detail in [23]. Briefly, in the Supernatant-1 experiment
(further S1 experiment), urine samples were centrifuged for
10 minutes at 100 x gat RT, and then supernatant was centri-
fuged at 500 x g for 10 minutes at RT. In the Supernatant-2
(further S2 experiment), urine samples were centrifuged
for 10 minutes at 300 x g at 4°C, and then supernatant was

*Note 1: Fallopian tube is very closely related to ovarian cancer (e.g., in the annual SEER Cancer Statistics Review reports of the National Cancer Institute,
Bethesda, USA, it is treated with ovarian cancer), therefore in some analyses this diagnosis was processed within ovarian cancer set. Note 2: Krukenberg carcinoma
of ovary is a secondary cancer coming primarily from other body tissues, particularly of gastrointestinal tract. In our case, the origin could not be evaluated. Note 3:
Malignant diffuse large B-Cell lymphoma infiltrating extensively ovaries and fallopian tubes was included in our clinical sample set. In these analyses, we included
it as a reference pathological material and for illustration of different miRNAs pattern in urine of this patient.
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Table 3a. Summary of clinicopathological data for patients and samples used in the Exosome experiment (ovarian and fallopian tube cancers)

Type of sample FIGO stage Grade  Ageat surgery Metastases status at surgery Recurrence’  Death’
Epithelial ovarian cancer

Serous (pre-surgery)

UCB318A 3a 111 55 yes, in omentum yes (10) ves (12)
UCB417A 3c I 64 yes, in omentum and peritoneum no no
UCP12 3c I 68 yes, in peritoneum n/a n/a
i(;:]iﬁia;? days after neoadjuvant 3a I 68 yes, in peritoneum nfa yes (9)
Serous (post-surgery)

UCB417B 3c 111 Ibid. Tbid. Ibid. Ibid.
ifzifﬁgag; days after neoadjuvant i Thid. Thid. Thid. Tbid.
Serous post-chemotherapy (disease recurrence)

UCB318B* 3a 111 Ibid. Ibid. Ibid. Ibid.
UCB318C* 3a 111 Tbid. Tbid. Ibid. Ibid.
Mucinous (pre-surgery)

UCB315A lc 11 72 M0 no no
Mixed endometrioid ovarian cancer/endometrioid endometrial cancer (pre-surgery)

UCP5 3c 111 57 n/a n/a n/a
Fallopian tube (pre-surgery)

UCP1 3c II 62 n/a n/a n/a
Fallopian tube (post-surgery)

UCB902B 3¢ 11 77 yes, extensively including omentum yes (15) no

! month after surgery,  chemotherapy 7 day after surgery, sampling B here 10® day after surgery, *

7 months after surgery, 8 days after chemotherapy

Table 3b. Summary of clinicopathological data for patients and sam-
ples used in the Exosome experiment (endometrial cancer and benign
samples)

Endometrial cancer I;tl::: s‘:f;;ty
Type 1 endometrioid endometrial cancer

UCP8 la I 77
UCP9 (mixed with undifferentiated

carcinoma) n/a n/a 86
UCPI11 3b n/a 64
UCP13 n/a n/a 91
UCP15 n/a 11111 71
UCP16 3a I 61
UCP17 n/a I 55
UCP19 n/a I 57
UCP21 n/a I 64
Type 2 endometrial cancer

ucCPp22 n/a I 51
Benign samples - ovarian type

UFBO01 (ovarian fibroma) - 66
UCP2 (ovarian thecofibroma) - 68
UCP14 (ovarian thecofibroma) - 74
Benign samples - endometrial type

UCP?7 (endometrial polyp) - 65
UCP10 (endometrial leiomyomas) - 68
UCP18 (intramural tumor) - 53

centrifuged at 2,000 x g for 20 minutes at 4°C. Initial input
urine volume was 2 ml in S1 and S2 experiments. Note: this
supernatant is not exosomes-free. We use the term supernatant,
but this should not be confused with the exosome-depleted
supernatant.

In the Exosome experiment, urine samples were processed
following manufacturer protocol for Urine Exosome RNA Iso-
lation Kit (Norgen Biotek Corp., Canada). Initial mean input
urine volume was 3 ml. Prior to isolation, urine samples were
centrifuged at 1,000 x g, for 10 minutes at RT and stored at
2°C - 8°C until further processing. Two additional centrifu-
gations were then applied, the first at 300 x g, for 10 min., at
15°C, and the second at 2,000 x g, for 10 minutes, at 15°C. Next,
supernatant was filtered through a sterile, 0.2 pm PVDF filter
(Whatman Puradisc 13mm, GE Healthcare Life Sciences) to
15-ml tube to ensure isolation of vesicles up to 200 nm.

Quality and quantity control of RNA. Nanodrop 1000
spectrophotometer (Thermo Scientific), and Agilent 2100
Bioanalyzer with Agilent RNA 6000 Pico Kit (alternatively
Agilent RNA 6000 Nano Kit, Agilent Small RNA kit) (Agilent
Technologies), and Qubit fluorometer (Life Technologies)
were employed for assessing quality and concentration of
samples.

Detection of expression of microRNAs. Individual Tag-
Man microRNA assays (Life Technologies) were applied in
real-time PCR analyses. Single-stranded cDNA was generated
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from total RNA using TagMan MicroRNA Reverse Transcrip-
tion Kit (Life Technologies) following manufacturer ‘s protocol
and scaled-down (1/2, total volume 7.5 pl) reaction volumes.
For each sample, the same input of total RNA volume was used.
List of microRNA assays used in the experiments is provided
in Supplementary Table 3. In the Exosome experiment, RNA
input volume in the reverse transcription was increased to
4.6 ul (in relation to manufacturer’s protocol), and cDNA
input increased to 1.85 pl in the amplification reactions (in
relation to manufacturer’s protocol). PCR amplifications
were performed in scaled-down reactions (1/2, total volume
10 pl) in triplicates (S1 and S2 experiments), or duplicates
(Exosome experiment) on the Applied Biosystems 7900HT
thermocycler (Life Technologies). No-template controls, no-
real-time PCR controls, and inter-plate controls were included
in the analyses.

Data processing and statistical analyses. Expression
data were captured using SDS 2.4 and RQ 1.2.1 software and
processed using primarily Real-time PCR Miner to obtain
efficiency-corrected expression data. Relative expressions
of microRNAs were calculated as follows. First, adjusted
efficiency was calculated. It was 1 + mean efficiency of
genes (Real-time PCR Miner), or 2 in Cy0 and delta Ct
methods. Next, this adjusted efficiency was powered to Ct
(i.e., (I+E)ACt in Real-time PCR Miner data), or using Cy0,
or Ct value.

Geometric mean was calculated for each sample and all
miRNAs investigated, and used as the normalization factor
in parts calculating logistic regression in preliminary ROC
analyses in ovarian and endometrial cancers in S1 and S2
experiments, and in part 3.2 comparing S2 experiment data
with Exosome experiment data. Cy0 and delta Ct methods
were applied within the verification process (see [23] and
Supplementary File Verification). Expression data were log-
transformed prior to statistical analyses.

Expression was also calculated as the percentage
abundance across the miRNAs investigated within the experi-
ments as the alternative normalization used in the present
study. Here, the total miRNA expression was calculated as
the sum of the normalized individual miRNAs (i.e., 100%),
and a proportion for each miRNA was obtained by dividing
its expression by the total expression of selected miRNAs
(raw data are presented and applied in statistical processing).
Abundance data were not log-transformed in the statistical
processing.

Statistical analyses (Mann-Whitney test, Wilcoxon test or
paired samples t-test, multivariate regression model) were
performed using MedCalc Statistical Software (p-value was
set as 0.05).

Results

Urine microRNAs expression in the S1 experiment. As
we have shown previously [23], two miRNAs were found
to be up-regulated significantly (miR-92a, miR-200b), and
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two miRNAs down-regulated significantly (miR-106b, miR-
100) in comparison of ovarian cancer samples (UCB310A,
UCB315A, UCB318A, and UCB417A) plus fallopian tube
cancer (UCB902A) and controls in S1 experiment. The inves-
tigated miRNas were miR-21, miR-223, miR-92a, miR-200b,
miR-16, miR-29a, miR-367, miR-106b, miR-100, miR-20a and
miR-1228. Up-regulation of miR-92a, miR-200b and down-
regulation of miR-106b was found in sample sets involving
only serous ovarian cancers and serous ovarian cancers along
with fallopian tube cancer, and extended serous ovarian cancer
set including post-chemotherapy sample UCB425C (as this
patient suffered from recurrence). In all these mentioned com-
binations, miR-100 could not be confirmed as down-regulated
significantly. Similarly, further extending data set with UCP
5and UCP 12 ovarian cancer samples resulted in a confirma-
tion of results for miR-106b and miR-200b (miR-92a was not
assessed in S2 experiment), but not for miR-100 (see [23]).
As regards miR-200b, this miRNA could not be confirmed as
up-regulated significantly in the verification process (alterna-
tive processing algorithms and normalization procedures, see
Supplementary File Verification).

In the present study, we performed several other analyses to
further explore the data of the S1 experiment. First, we tested
combined expression of two selected miRNAs pairs (ratio miR-
92a/106b, miR-92a/miR-100) in comparison of ovarian cancer
samples (UCB310A, UCB315A, UCB318A, and UCB417A)
plus fallopian tube cancer (UCB902A) and controls. In these
miRNAs ratio-based combinations, there was a significant
difference between pre-surgery cancer samples and controls
(P = 0.0027). Note: This ratio-based combination of miRNAs
expression differs from the combined expression calculated in
the MedCalc module (see later).

We next sought, whether diagnostic accuracy in terms of
correct classification within ROC analysis of the obtained
data indicates the promising diagnostic potential of the
miRNAs investigated. We performed preliminary tests (more
samples should be included to be more conclusive) on cor-
rectness of classification and ROC analysis using logistic
regression module (MedCalc). These results confirmed the
exceptional position of down-regulated miR-106b (AUC
0.969, 95% CI10.764 to 1.000) and miR-100 (AUC 0.846, 95%
CI0.601 to 0.970), and up-regulated miR-92a (AUC 1.000,
95% CI 0.815 to 1.000) and miR-200b (AUC 1.000, 95% CI
0.782 to 1.000) as it was discovered in previous analyses, also
as good classifiers for cancer samples (Supplementary Table
4). We applied a multivariate regression model and combined
expression data for miR-106b/miR-100, and miR-100/miR-
92a. This approach improved correct classification to 100%
and AUC to 1.000 (Supplementary table 4).

Further, we analysed the microRNAs abundance and dif-
ferences in proportions between the pre-surgery cancer and
control samples within the applied miRNAs set (expression
of all the miRNAs investigated was set to 100%). This is to il-
lustrate the different relative proportions of particular miRNAs
within urine samples, which cannot be observed in otherwise
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presented data (e.g. fold differences, or normalized expres-
sion). We also used this approach to test the performance
when analysing raw abundance data (%) in comparison with
previously applied standard processing procedures (normal-
ized data) and verifications.

Using raw abundance data (%), two miRNAs (miR-106b
and miR-1228) appeared to be the most abundant miRNAs,
both with a decrease observed in cancer samples. Other inves-
tigated miRNAs had remarkably decreased relative proportion
in samples. Relative miRNA abundances in S1 experiment are
depicted in Figure 1. Fold-differences of cancer samples and
control samples based on percentage abundance are given in
Supplementary Figure 1.

Interestingly, when the raw abundance data (not log-trans-
formed) were analysed statistically between ovarian cancer
(additionally also with fallopian tube) and control samples,
three miRNAs, i.e. miR-92a (P =0.0013 incl. tube, P = 0.0032
excl. tube), miR-200b (P = 0.0013 incl. tube, P = 0.0032 excl.
tube) and miR-16 (P = 0.0433 incl. tube, P = 0.0894 excl. tube,
here non-significantly) appeared significantly up-regulated,
however miR-106b was not found significantly down-regulat-
ed (even after the log-transformation of data). Expression of
miR-92a was found up-regulated in concordance with normal
data processing and verifications. However, it should be noted
that miR-106b was found down-regulated both in standard
data processing and confirmed in data verifications (see Sup-
plementary File Verification). In case of miR-200b, this was
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found up-regulated partially in the verification, while miR-16
was not found de-regulated in the verification.

In the S2 Experiment, the results based on relative (percent-
age) abundance appeared in congruence with the other results
(seelater). It may indicate that using percentage abundance may
be congruent with other results in some cases, but it may be
possibly affected by normalization procedures (e.g., in our case
of miR-106b geo-mean normalization in standard procedure in
contrast to raw abundance data). Combination of various pro-
cedures should be preferred to obtain more comprehensive and
reliable picture on expression de-regulations. Nevertheless, we
intended to show these data both for the overall abundance over-
view and their potential to exhibit clear differences in expression
when a relative small set of miRNAs is being investigated.

Urine microRNAs expression in the S2 experiment.
Differences in microRNA expression (miR-21, miR-223,
miR-200b, miR-16, miR-29a, miR-367, miR-106b, miR-100,
miR-20a and miR-1228) between ovarian cancer, endometrial
cancer, and control samples have been studied previously [23].
In both cancer groups, only the down-regulated expression of
miR-106b was statistically significant. In various combinations
of ovarian cancer samples, miR-106b retained capacity to dis-
criminate cancer samples from control samples: a) UCB315A,
UCB318C (post-surgery, post-chemotherapy), UCP12, and
mixed ovarian and endometrial cancer UCP5 (P = 0.0036), b)
UCB315A, UCB318C, UCP12 (P = 0.0094) and c) UCB315A
and UCP12 (P = 0.0285) [23].

Abundance of particular miRNAs in S1 experiment

[ Controls
[C] ovarian cancer
B Tube cancer

1 | | | | |

miR-21 miR-223 miR-92a miR-200b miR-16 miR-29a miR-376 miR-106b miR-100 miR-20a miR-1228

Figure 1. Percentage abundance of particular miRNAs within the S1 experiment including ovarian cancer, fallopian tube cancer and controls. Error

bars indicate 95% CI for the mean.

46



SUPERNATANT AND EXOSOMAL URINARY GYNAECOLOGICAL MIRNAS 127

In a preliminary logistic regression model applied in
the present study in ovarian cancer (samples UCB3154,
DCUCB318C, DCUCP5, UCP12), miR-106b was able to clas-
sify correctly 100% cases, with good performance found in
preliminary ROC analysis (AUC 1.000, s.e. 0.000, 95% C.1. 0.794
to 1.000). Multiple logistic regression model (MedCalc) was
then applied to identify combinations of miRNAs to improve
the percentage of a correct classification. Here, a combination of
miR-100 and miR-367 resulted in 86.67% correct classification
(AUC 0.944, 5.e. 0.0648, 95% C.I. 0.696 to 0.999).

In endometrial cancer (samples UCP8, UCP9, UCP11,
UCP13, UCP15) and controls, a preliminary logistic regression
model confirmed the good classification status for miR-106b
(88.24% correct classification, AUC 0.983, s.e. 0.0261, 95% C.L
0.777 to 1.000). Multiple logistic regression model (MedCalc)
revealed a combination of miR-106b either with miR-21,
miR-200b, or miR-29a to improve correct classification to
100% (AUC 1.000, s.e. 0.000, 95% C.1. 0.805 to 1.000 in all the
combinations). Another combination, miR-21 with miR-29a
was also acceptable (correct classification 88.24%, AUC 0.967,
s.e. 0.0415, 95% C.I. 0.750 to 1.000). It should be emphasized
that more samples should be included to provide ROC analyses
more reasonable and conclusive. Thus, these data should be
considered particularly as illustrative,

Fold-differences identified in pathological samples in con-
trast to controls based on percentage abundance are illustrated
in Supplementary Figure 2.

100 p—
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i Il Endometrial cancer
ok I Ovarian cancer
40— *
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lendometrial cancer

% of total investigated miRNAs expression
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Next, we explored the microRNAs abundance and dif-
ferences in proportions between the pre-surgery cancer and
control samples within the applied miRNAs set (expression
of all the miRNAs investigated was set to 100%). In control
samples, miR-106b and miR-1228 appeared as the most
abundant (Figure 2). In pathological samples, the abundance
of particular miRNAs varied extensively, but miR-1228 was
expressed most abundantly (see Figure 2).

Similarly as in S1 Experiment, we explored the perform-
ance of raw abundance data (%) in statistical analyses of 82
Experiment. In ovarian cancer (samples 3154, 318C, UCP5,
UCP12), we found miR-106b significantly down-regulated
(P = 0.0153), along with miR-367 significantly up-regulated
in ovarian cancer samples (P = 0.0203). In case of miR-106b,
this result is congruent with standard normalized and log-
transformed data and verifications. However, in miR-367 this
could not be confirmed in either alternative data processing
previously (see Supplementary File Verification).

In endometrial cancer (samples UCP 8, 9, 11, 13, 15), we
found miR-106b significantly down-regulated (P = 0.0061),
while miR-21 was shown up-regulated significantly (P =
0.0350). In case of miR-106b, the results are corresponding
with standard normalized and log-transformed data and
verifications. In miR-21, this result is in line with different veri-
fication procedures (see Supplementary File Verification).

Differences between cancer groups and controls using
exosomal miRNAs. We could not find any significant dif-

Abundance of particular miRNAs in S2 experiment

down-regulation of miR-106b
in ovarian cancer *
and in endometrial cancer **

e | 1 1 1 1 1 1 ] ] ]
miR-21 miR-223 miR-200b miR-16 miR-29a miR-376 miR-106b miR-100 miR-20a miR-1228

Figure 2. Percentage abundance of particular miRNAs within the S2 experiment including ovarian cancer, endometrial cancer, benign and control sam-
ples. Error bars indicate 95% CI for the mean.
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ferences between pathological samples (particularly ovarian
and endometrial cancers) and control samples using exosomal
miRNAs, while using supernatant miRNAs the results were
more promising (see above and in [23]). This may implicate
that different isolation procedures and/or the differences in
the miRNA content themselves may affect the results so that
one methodology (supernatant) may be superior to another
methodology (exosomes) in particular miRNAs. In our case,
these effects resulted in the impossibility to find significant
deregulation in miRNA expression in any combination of
pathological samples and controls using exosomal miRNAs.
However, with respect to a limited number of samples and
a selection of several candidate miRNAs, we cannot conclude
that exosomal miRNAs are generally less suitable for diagnostic
purposes. In the expression analyses, exosomal miRNAs were
expressed; however, many missing values affected the analyses
negatively. However, we did observe differences in miRNAs
abundance and fold differences in their expression between
the pathological samples and controls (Figure 3), and Sup-
plementary Table 5 (ovarian cancer), Supplementary Table
6 (endometrial cancer), Supplementary Table 7 (other diag-
noses), Supplementary Table 8 (controls), and Supplementary
Table 9 (fold differences to control samples). In additional di-
agnoses (Supplementary Table 1), insufficient number of cases
for one particular diagnosis disabled to perform reasonable
statistics (pathological samples versus controls), in contrast
to ovarian cancer, endometrial cancer, and benign samples.
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Therefore, these data are treated here only as differences in
the percentage abundance and fold differences.

In our pilot study, we could not find statistically significant
differences between pre- and post-surgery ovarian cancer
samples using supernatant fractions [23]. However, this does
not mean that the differences do not exist at all. As regards
these effects in exosomal miRNAs, we were limited by a low
number of available samples. However, we observed significant
increases and decreases between the pre- and post-surgery
samples of malignant granulosa tumor of ovary (UCB331,
see Supplementary Table 7). We observed also the changes
in expression within the course of therapy in UCB322 (see
Supplementary Table 7).

With respect to generally limited information on urinary
miRNAs regarding the menopausal status of patients, we
included in the Exosome experiment also two pre-meno-
pausal groups of patients (using and not using the hormonal
contraception, pooled urine samples isolated), in addition
to post-menopausal control patients used as controls for
post-menopausal pathological samples in all experiments.
Interestingly, the preliminary data showed differences in-
volving decreases and increases in relative expression and
percentage abundance (see Supplementary Table 8). The
limited number of samples does not allow making definite
conclusions, However, it is probable that hormonal status of
patients may affect the results and should be considered while
involving patients as controls in the miRNAs studies based

Abundance of particular miRNAs in Exosome experiment

miR-21 miR-200b  miR-16 miR-29a

miR-376

miR-106b miR-100 miR-20a miR-1228

Figure 3, Percentage abundance of particular miRNAs within the Exosome experiment including ovarian cancer, endometrial cancer, benign and control

samples. Error bars indicate 95% CI for the mean.
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on body fluids. Further research is warranted to elucidate
these factors in detail.

Despite interesting expression pattern of exosomal urinary
miRNAs, the differences could not be evaluated as the signifi-
cant changes between cancer and control samples. Therefore,
we decided to further inspect the differences between the same
samples isolated either as supernatant, or exosomal fraction of
urine. As supernatant fraction yielded promising and signifi-
cant diagnostic differences in contrast to exosomal fraction,
we expected that the differences between the fractions may be
attributed to a different composition of fractions rather than to
be a technical issue. The results of this approach are presented
in the next section.

Impact of isolation procedure on results: S2 experiment
versus Exosome experiment. We compared results from
two experiments using the supernatant (S2 experiment) and
exosomal RNA (Exosome experiment) coming from the same
urine samples and geometric mean-normalized data. When
analysing pathological samples (UCP5, UCP7 to UCP15,
n = 10) isolated in S2 and Exosome experiments, there
was miR-200b up-regulated in the exosomal fraction (P =
0.0078, Supplementary Figure 3), and miR-16 (P = 0.0020,
Supplementary Figure 4) along with miR-106b (P = 0.0078,
Supplementary Figure 5) down-regulated in the exosomal frac-
tion, other four tested miRNAs (miR-21, miR-29a, miR-20a,
and miR-1228) remained unchanged statistically.

We analysed also the performance of control samples (UN9,
10,11, 13, 32, 33, 41, 42,44, n = 9) in a comparison of S2 and
Exosome experiments. Here, we found higher expression of
miR-21 (P = 0.0006, Supplementary Figure 6), miR-200b (P =
0.0005, Supplementary Figure 7), and miR-29a (P = 0.0032,
Supplementary Figure 8) isolated as exosomal miRNAs in
comparison with S2-isolated samples. miR-106b appeared as
down-regulated in exosomal fraction (P < 0.0001, Supplemen-
tary Figure 9) while miR-20a, miR-16 and miR-1228 did not
differ significantly between S2 and Exosome experiments.

Discussion

Understanding the mechanisms affecting the microRNAs
expression and detection belongs to crucial factors necessary
for an appropriate interpretation of results of the expression
studies. The source of RNA samples may be one of the most
important factors. Circulating miRNAs in blood and in other
body fluids such as urine may reflect the impact of many cells
and body compartments contributing to a global miRNA
expression (reviewed in [22]). Therefore, it is very difficult to
ascertain the particular source of hundreds of miRNAs and
their clear relationship to a pathological state such as cancer.

Many miRNA expression studies have been focused on
the expression of exosomal miRNAs, particularly in plasma.
However, it should be emphasized that there is a limited
number of studies that identify differences between cell-
free fraction and exosomes with respect to the differences
in miRNA content and expression. Turchinovich et al. [27]
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have suggested that only a very limited proportion of plasma
miRNAs is distributed in vesicles such as exosomes. On the
contrary, they consider that circulating extracellular miRNAs
are mostly (90% to 95%) microvesicle-free and associated
with the RNA-binding Argonaute proteins [28].

On the other hand, Cheng et al. [29] indicated both the
impact of isolation procedure on exosomal miRNA frac-
tion amount estimates, and also on their expression, in
a preliminary study on three patients and their plasma/
serum. Comparison of cell-free plasma/serum samples and
exosomes isolated by ultracentrifugation or by the commer-
cial kit revealed an enrichment of exosomes with miRNA.
The authors also observed high variation in proportions of
particular miRNAs in exosomal fractions isolated by the
two methods.

As regards urinary miRNAs, there is very limited knowl-
edge on their exact origin as relevant in vivo studies are still
lacking. Transrenal passage of the miRNAs from the blood
could be suspected along with other sources involved in cell-
cell communication or passive leakage from the injured or
dead cells [30]. Within the vast majority of papers on urine
miRNA expression, the focus has been put on the diseases
with a direct association with the urological system affected
either by cancer or organ dysfunctions and injuries. The cells
within the tract and associated with the tumor tissues have
been mostly considered as the basis for the assessment of
deregulated expression or considered as the basic source of
differentially expressed cell-free miRNAs [31-34].

However, urinary miRNAs have been explored in several
other diagnoses recently. For example, urinary miR-1 has
been shown as the marker for acute myocardial infarction
[35], or along with serum as the marker suitable for monitor-
ing open-heart surgeries with cardiopulmonary bypass [36].
Down-regulated expression of miR-203 in urine has been
identified as the biomarker for the severity of inflammation
in children with atopic dermatitis [37]. The study focused
on forty-eight dyspnea STAMPEDE subjects and analyzing
bronchoalveolar lavage (BAL), urine and serum identified
several candidate miRNAs. For example, miR-371a-5p was
found to be similarly overexpressed in BAL, urine and serum
[38]. Very recently, Erbes et al. [39] investigated expression
of several candidate urinary miRNAs in breast cancer. They
sustained the potential role of urinary miRNAs as non-invasive
innovative biomarkers for breast cancer detection.

Similarly as a handful of above-mentioned studies, we have
suggested a theory that the pathological states may be reflected
not only in the blood but eventually in cell-free urine also
in other types of diagnoses than those related to urogenital
tract. In our case, we focused on gynaecological cancers. As
a proof of principle, we have performed a pilot study based
on urine of ovarian and endometrial cancers, identifying
several candidate miRNAs with a novel diagnostic potential
[23]. However, there exist several constraints that should be
taken into consideration, e.g. a limited number of patients and
candidate miRNAs investigated.
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To investigate the differences between supernatant and
exosomal fractions, we performed the above-mentioned
experiments. There exist, however, several limitations, such
as the fact that the supernatant still contained the exosomes
and was not exosome-depleted, limited number of samples,
one methodology to isolate exosomes. Based on our results,
we may conclude that the alternations in expression rather
reflect the real differences between the two fractions. Dif-
ferent miRNAs may reveal different expression levels in
comparison of the supernatant fraction (S2 experiment) with
exosomal fraction (Exosome experiment). The support for this
assumption may be found in the distinct expression pattern
in miRNAs investigated, including all the changes possible,
i.e. increased, decreased and unchanged expression, differing
also between the pathological and control samples. This may
suggest that particular miRNAs may be enriched or dimin-
ished in exosomal fraction of miRNA. It is congruent at least
partially with another observation in the preliminary study
of Cheng et al. [40] suggesting the enrichment of miRNAs in
urinary exosomes in contrast to cell-free urine. The authors
also observed differences in the representation of the most
up-regulated miRNAs between different methods of exosomal
RNA isolation and in contrast to cell-free miRNAs [40].

Conclusions

We have demonstrated that miRNAs may be found de-
regulated in cell-free urine of ovarian cancer and endometrial
cancer patients. We further explored the differences between
the supernatant fraction and exosomal fraction of urine. The
aim was to elucidate why supernatant fraction but not the
exosomal fraction has exhibited a diagnostic potential. The dif-
ferences between the fractions regarding the miRNA content
may be suspected as one of the main reasons for these observa-
tions. There is currently no consensus whether the exosomes or
circulating supernatant-based miRNAs should be preferred in
investigations searching for novel diagnostic miRNAs. Which
portion of the circulating miRNome (supernatant versus
exosomal RNA) represents more truly the pathological states
and performs better in diagnostic applications thus should be
further elucidated.

Our results might indicate that the source of miRNAs
should be carefully considered as it may result in the dif-
ferences in diagnostic performance of particular miRNAs.
Moreover, the differences we have observed between three
groups of female patients (pre-menopausal using and not us-
ing contraceptives, post-menopausal) may indicate the impact
of patient’s hormonal status on the miRNAs expression in
urine. Similarly, other factors such as the isolation procedures,
normalization, biological variation, along with the impact of
external factors such as food and smoking suggested recently
to affect miRNA expression (see [22] for a review) should
be further taken into consideration when exploring the di-
agnostic potential of cell-free miRNAs, either coming from
supernatant and/or exosomal fractions of body fluids. We
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propose that different isolation techniques using supernatant,
exosomes-depleted supernatant, and exosomal fractions of
urine should be now explored to establish novel diagnostic
urinary miRNA markers in terms of the best diagnostic ac-
curacy for gynaecological cancers. Many obstacles thus remain
to be solved prior to introducing cell-free urinary miRNAs as
novel diagnostic tools.

Supplementary information is available in the online version
of the paper.
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Ascites-Derived Extracellular microRNAs
as Potential Biomarkers for Ovarian Cancer
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Abstract

Ovarian cancer as the most fatal gynecological malignancy is often manifested by excessive fluid accumulation known as ascites or
effusion. Ascites-derived microRNAs (miRNAs) may be closely associated with ovarian cancer progression. However, our
knowledge of their roles, altered expression, and clinical outcomes remained limited. In this study, large-scale expression profiling
of 754 human miRNAs was performed using real-time quantitative polymerase chain reaction and 384-well TagMan array human
miRNA A and B cards to identify differentially expressed miRNAs between extracellular fraction of the ascitic fluid associated
with high-grade serous ovarian carcinomas and control plasma. Of the 754 miRNAs, |53 were significantly differentially expressed
relative to the controls. Expression of 7 individual miRNAs (miR-200a, miR-200b, miR-200c, miR- 141, miR-429, miR-1290, and
miR-30a-5p) was further validated in extended sample sets, including serous, endometrioid, and mucinous subtypes. All miR-200
family members and miR-1290 were conspicuously overexpressed, while miR-30a-5p was only weakly overexpressed. The ability
of miRNAs expression to discriminate the pathological samples from the controls was strong. Receiver operating characteristic
curve analyses found area under the curve (AUC) values of 1.000 for miR-200a, miR-200c, miR- 141, miR-429, and miR-1290 and
of AUC 0.996 and 0.885 for miR-200b and miR-30a-5p, respectively. Preliminary survival analyses indicated low expression level
of miR-200b as significantly related to longer overall survival (hazard ratio [HR]: 0.25, mean survival 44 months), while high
expression level was related to poor overall survival (HR: 4.04, mean survival 24 months). Our findings suggested that ascites-
derived miRNAs should be further explored and evaluated as potential diagnostic and prognostic biomarkers for ovarian cancer.

Keywords
ovarian cancer, ascites, microRNA, diagnostic markers, prognostic markers, miR-200a,b,c, miR- 141, miR-429, miR-1290, effusion

associated regulatory mechanisms may involve microRNAs
(miRNAs) functioning at both cellular and extracellular
levels, respectively.

Introduction

Ovarian cancer is the most fatal gynecological malignancy with
high metastatic potential and chemotherapeutic resistance. The
disease is usually diagnosed in the advanced stages, leading to
high levels of recurrence and substantially reduced survival
relative to early diagnosis." Advanced stages are often mani-
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fested by ascites or effusion, the excessive accumulation of
fluid within the peritoneal, and/or pleural cavity, but this fluid
may also occur in early stages. The presence of ascites is a poor
prognostic indicator, even in women with stage /Il disease,’
but dramatically decreases survival rates in advanced stages.’

Lymphocytes, mesothelial cells, macrophages, and malig-
nant tumor cells (including cancer stem cells) occur in ascitic
fluid in an environment of soluble growth factors, cytokines,
chemokines, and extracellular matrix fragments.** All these
biologically active components may be linked to carcinogen-
esis, invasion, metastatic spread, chemoresistance, and the
recurrence of ovarian cancer. Within this environment, the
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MiRNAs are posttranscriptional regulators of gene expres-
sion with promising potential in cancer diagnostics, various
therapeutic applications, and as novel biomarkers for monitor-
ing the disease progression, predicting the response to treat-
ment or estimating clinical outcomes.®® Expression and
potential functional roles of ascites-derived miRNAs have been
investigated only in a handful of recent pilot studies focused on
cancer cells,'”'" extracellular miRNAs,'? or exosomal
miRNAs,">'*

However, among the only available studies published up to
now and focused on ascitic fluid-derived miRNAs in ovarian
cancer, there is no study performing comprehensive large-scale
profiling and validation of miRNA expression using entire cell-
free fractions of ascitic fluid. Our knowledge of crucial regu-
latory processes and the roles of miRNAs in pathological fluids
associated with ovarian cancer is limited. The aim of the pres-
ent study was to explore and evaluate the expression of ascites-
derived extracellular miRNAs and their possible associations
with disease characteristics, cancer progression, and patient
outcomes in ovarian cancer.

Material and Methods
Patients

This study was carried out in compliance with the Helsinki
Declaration and was approved by a multicentric ethics com-
mittee of the General University Hospital in Prague (VFN
Praha). All patients provided written informed consents.
Patients initially diagnosed with primary ovarian cancer or
pelvic mass and treated at the Faculty Hospital in Brno (FN
Brno) were enrolled in this study and provided intraopera-
tively collected samples of ascitic fluid or peritoneal lavages.
According to the histopathological examination, the analyzed
samples included mostly (~85%) primary ovarian carcino-
mas (OCs) and partially the indistinguishable samples of
either primary ovarian/fallopian tube/peritoneal origin.
Patients with mixed-histology ovarian tumors, Brenner tumor,
granulosa tumor, recurrent OC, or who had received neoadju-
vant chemotherapy treatment before the sampling were sus-
pended from the study due to their limited numbers for
relevant conclusions. In total, 18 ascitic fluid samples and 8
peritoneal lavage samples associated with 16 high-grade ser-
ous OCs, 1 low-grade serous OC, 1 high-grade fallopian tube/
OC (primary site of origin possible either in fallopian tube or
in ovary; the sample was analyzed with OCs according to
standard clinical practice), 3 high-grade mucinous OCs, 2 high-
grade endometrioid OCs, |1 high-grade serous peritoneal carci-
noma, and 2 high-grade serous OC/peritoneal carcinoma were
analyzed in this study. As a negative control, postmenopausal
healthy women (n = 34) provided control blood samples at the
Faculty Transfusion Center (VFN Praha). All patients were Cau-
casians. Clinicopathological characteristics are summarized in
Table 1. Sample combinations used in the analyses (validation
experiment) are listed in Supplemental Table S1.
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Table |. Clinicopathological Characteristics of Patients.

Parameters (Samples) Patients (%)

Pelvic carcinoma (ovarian carcinoma, fallopian tube 26 (100)
carcinoma, peritoneal carcinoma)

Primary ovarian serous carcinoma 17 (65)
High-grade (A2, A3, A6-9,Al1-12,Al4,LI1,L3-4,L6-9) 16 (62)
Low-grade (L5) | (4)

Primary fallopian tube/ovarian high-grade serous 1 (4)
carcinoma (Al3)

Primary ovarian high-grade mucinous carcinoma (A15-17) 3 (12)

Primary ovarian high-grade endometrioid carcinoma 2(8)
(A18-19)

Primary peritoneal high-grade serous carcinoma (AS5) 1 (4)

Primary ovarian/peritoneal high-grade serous 2(8)
carcinoma (Al, A4)

Ascites 18 (69)
Malignant (Al-6, A8-9, All-19) 17 (65)
Nonmalignant (A7) | (4)

Lavage 8 (31)
Malignant (L3-6) 4(15)
Nonmalignant (LI, L7-9) 4(15)

Median age Years (range)
Ascites (Al-9, All-19) 60 (46-84)
Lavages (LI, L3-9) 62 (31-82)

Lymph node metastasis
NO (A5-6, A8, All, Al3, Al6, L3-6, L8-9) 12 (46)
NI (Al-4, A7, A9, Al2, Al4, Al8-19, LI, L7) 12 (46)
Unknown (A15, Al7) 2(8)

Residual tumor
RO (no residual tumor; Al, A5-7, A9, Al2, Al5-16, 14 (54)

Al9,L3-6,18)
RI (<1 em; L7, L9) 2(8)
R2 (>I cm; A2-4, A8, All, Al3, Al7) 7(27)
Unknown (Al4, Al8, LI) 3(12)

FIGO stage
FIGO I/l (Ib: A7; lc: AI7, L5; lb: L7; llc: A13, Al4) 6 (23)
FIGO NV (llla: A12, Al6, L8; lllb: A8, All, L4,L9; 19 (73)

lllc: A1-3, A5-6, A9, AI5, Al8-19, LI, L3, L6)
Unknown (A4) 1 (4)

Healthy postmenopausal women 34 (100)
Control plasma (RPI-34, n = 34) Years (range)
Median age 56 (47-77)

Abbreviations: A, ascites; FIGO, International Federation of Gynecology and
Obstetrics; L, peritoneal lavages; RP, control plasma.

Clinical Samples

All samples were collected in special stabilization tubes ensur-
ing inactivation of RNases. Ascitic fluid and ascites-derived
lavages (effusions collected with saline solution) were col-
lected in urine preservation tubes (Norgen Biotek, Canada, cat
no 18122). Blood samples were collected in cell-free RNA
BCT tubes (Streck, Omaha, United States, cat no 218975), and
isolated plasma was used as the preferred standard control.
Effusions (ascites and lavages) were considered “malignant”
in cytologically positive samples (malignant cells present in the
fluid) and “nonmalignant™ in cytologically negative samples
(no malignant cells present in the fluid).
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Sample Preparation and Isolation of Total RNA

Pure cell-free fractions were obtained via 2 consecutive cen-
trifugations of the fluids, at 1300g for 15 minutes at room
temperature and at 2500g for 10 minutes at 4°C. Total RNA
(including exosomal RNA) was isolated using a plasma/serum
circulating and exosomal RNA purification maxi kit (slurry
format; Norgen Biotek, cat no 50900).

Large-Scale Screening of MiRNA Expression

The screening phase of the study involved large-scale real-time
polymerase chain reaction (RT-PCR) analyses using 384-well
TagMan array human microRNA A and B cards (Applied Bio-
systems/Thermo Fisher Scientific, Foster City, United States,
cat no 4444913) containing assays for 754 unique human miR-
NAs. A total of 11 samples (5 ascitic fluid samples, A2, A3,
A6, A8, and A1l and 6 plasma samples, RP1-6) were initially
analyzed using the type A cards. A total of 8 samples (4 ascitic
fluid samples, A6, A7, A9, and All, and 4 plasma samples,
RP4-7) were analyzed using type B cards. We analyzed 1 sam-
ple per a card (no sample pooling). All pathological samples
analyzed in the screening experiment were associated with
primary high-grade serous OC.

Validation of Differential MiRNA Expression

With respect to results of the screening phase, 7 single miRNA
assays (miR-200a, miR-200b, miR-200c, miR-141, miR-429,
miR-1290, and miR-30a-5p) and 3 endogenous controls
(miR-17, miR-93-5p, and miR-425; Applied Biosystems/
Thermo Fisher Scientific, Foster City, United States) were used
for validating the differential expression in the ascitic fluid
and lavage samples relative to the plasma samples. Different
combinations of samples were analyzed to increase the relia-
bility of the results and to limit potential bias (Supplemental
Table S1).

Reverse Transcription

Total RNA was reverse transcribed into complementary DNA
(cDNA) in the screening phase using a TagMan MicroRNA
Reverse Transcription kit and Megaplex RT primers (Human
Pool A v2.1 and Human Pool B v3.0; Applied Biosystems/
Thermo Fisher Scientific, Foster City, United States). Reverse
transcription in the validation phase used the TagMan Micro-
RNA Reverse Transcription Kit and miRNA-specific RT pri-
mers following modified manufacturer’s instructions, that is, a
scaled-down format (1/2 volume).

Real-Time PCR Amplification

The cDNA samples were preamplified in the screening phase
using Megaplex PreAmp primers (Human Pool A v2.1 and
Human Pool B v3.0; Applied Biosystems/Thermo Fisher Sci-
entific, Foster City, United States). The reactions contained
less nuclease-free water than that in the manufacturer’s

protocol (2.5 pL instead 7.5 pL), and the difference was
replaced with cDNA. The reaction mix for the RT-PCR ampli-
fications consisted of TaqMan universal PCR master mix, no
AmpErase UNG (450 pL), nuclease-free water (430 pL instead
of 441 uL in the protocol), and preamplified cDNA (not diluted
in Tris-EDTA buffer, a volume of 20 pL instead of 9 pL in the
protocol). The RT-PCR amplifications in the validation phase
were performed in scaled-down reactions (1/2, total volume of
10 pL) in triplicate in a 96-well MicroAmp optical 96-well
reaction plates using Xceed gPCR Probe 2x Mix HI-ROX
buffer as a master mix (IAB, Czech Republic, cat no
HPCR10502L). The RT-PCR reactions were run using an
Applied Biosystems 7900HT fast RT-PCR system thermocy-
cler (Applied Biosystems/Thermo Fisher Scientific, Foster
City, United States).

Normalization of miRNA Expression Data

Global means were used in the screening phase to normalize
the expression data for the TagMan array miRNA type A cards.
Candidate endogenous controls for the validation phase in this
experiment were identified using the geNorm module'® of
gbase+ (Biogazelle, Belgium). Geometric means of miR-
378, miR-30e-3p, miR-432, miR-320b, miR-1244, miR-151-
3p, and miR-409-3p identified by geNorm were used to
normalize the data for the TagMan array miRNA type B cards
because global means did not yield significant results. Three
miRNAs suggested by geNorm (miR-17, miR-93-5p, and
miR-425) in the screening experiment were further evaluated
in the validation phase using geNorm and BestKeeper'® algo-
rithms, and the geometric means of their expression were used
for normalization.

Statistical Analyses

Expression data (log-transformed) were analyzed using
qbas(H—17 and MedCalc statistical software, version 18.2.1,
(bvba, Ostend, Belgium). Data processed in gbase+ were cor-
rected for multiple testing using the Benjamini-Hochberg pro-
cedure. Mann-Whitney U tests, logistic regression, and
receiver operating characteristic (ROC) curve analyses were
used to find out fold differences (FD) in expression between
pathological and control samples and to evaluate the area under
the curve (AUC) values along with percentage of correct clas-
sification. Clinicopathological parameters examined were
grouped in relation to histological subtype, age, grade, stage,
residual tumor, and lymph node metastasis. Kaplan-Meier plots
and log-rank tests were used to estimate overall- and
progression-free survival in preliminary analyses. Progression-
free survival was defined as time from primary surgery/ascitic
fluid/lavage sampling until disease progression or death. Overall
survival was defined as time from primary surgery/ascitic fluid/
lavage sampling until death from any cause or end of follow-up.
In the survival analyses, miRNA expression was divided into 2
groups (low expression and high expression) based on median
miRNA expression in the representative sample set validation
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Table 2. Fold Differences Between Ascitic Fluid and Control Plasma in TaqMan Array MiRNA Type A Cards and Consistently Overexpressed

MiRNAs."

MIRNA FD (Ct <40) P FD (Ct <35) 95% Cl Low 95% CI High P
miR-200a 2036958 o1l 783.107 157.691 3888974 031
miR-200b | 155.152 o1l 584.179 204.353 | 669975 031
miR-200c 520,841 o1l 288.326 56,956 | 459.572 018
miR-204 236.075 o1l 130.686 21.831 782.327 018
miR-14] 210.382 o1l 116.463 32515 417.153 ]
miR-203 189.848 o1l 105.095 23.807 463.936 018
miR-193b 151.818 o1l 84.043 33815 208881 018
miR-10b 119.503 ol 66.154 5.323 822.118 031
miR-886-3p 80.169 o1l 44380 7.864 250.449 018
miR-31 76314 o1l 42245 18.108 98.560 0l8
miR-10a 70.742 o1l 39.161 8.569 178.968 ol8
miR-452 69.267 o1l 38.345 14573 100.891 018
miR-99a 59.031 o1l 32678 5.528 193.188 ol8
miR-224 37.903 o1l 20.982 5.349 82310 ol8
miR-886-5p 25.354 o1l 14,035 4,640 42458 018
miR-95 24.157 o1l 13.373 4785 37.372 018
miR-100 20470 o1l 11332 2621 48993 olg
miR-99b 19011 o1l 10.524 5.589 19.815 018
miR-483-5p 13.933 o1l 7713 2,095 28403 0l8
miR-574-3p 8.514 o1l 4713 3.046 7.293 018
miR-342-3p 7.054 o1l 3.905 2.192 6.957 018
miR-146b-5p 6.386 o1l 3.535 1.993 6.269 018
miR-155 5.554 o1l 3.074 1.773 5332 ol8

Abbreviations: Cl, confidence interval; FD, fold difference; miRNA, microRNA.

*Only significant differences (P < .05) are noted and include miRNAs overexpressed using both Ct cutoffs.

set (VS) VIL P values <.05 were considered statistically signif-
icant in all statistical tests.

Results

Screening Phase

Using TagMan array miRNA type A cards, 2 analytical
approaches were applied using global mean normalization, that
is, analyses including (group 1) or not including (group 2) data
points with Ct >35 (the cutoff value Ct <35), and miRNA
expression was compared between the ascitic fluid and
plasma samples.

We identified 134 miRNAs in group | that were signifi-
cantly differentially expressed, with 82 miRNAs underex-
pressed and 52 miRNAs overexpressed. Twenty-three of the
overexpressed miRNAs (Table 2) and 51 of the underexpressed
miRNAs (Table 3) were consistently expressed in both groups
1 and 2. Among these miRNAs, the 4 miR-200 family members
were notably overexpressed, that is, miR-200a (783-fold),
miR-200b (584-fold), miR-200c (288-fold), and miR-141
(117-fold). miR-451 was the most significantly underexpressed
miRNA (—1082-fold). Twenty-nine of the overexpressed
miRNAs and 31 of the underexpressed miRNAs were signifi-
cantly differentially expressed only in group 1 (Supplemental
Table S2). The most conspicuously differentially expressed
miRNA specific to group 1 were the overexpressed
miR-135b (31 358-fold) and the underexpressed miR-18a

(—813-fold). Group 2 had 2 overexpressed miRNAs
(miR-708, 19-fold; miR-125b, 15-fold) and 7 underexpressed
miRNAs (miR-486-3p was underexpressed the most,
—15-fold), specifically in this group (Supplemental Table S3).
Using TagMan array microRNA type B cards, the analysis
of miRNA expression using the cutoff Ct <35 (only this pro-
cedure yielded significant results) identified 10 significantly
overexpressed miRNAs, with miR-1290 overexpressed the
most (89-fold). Nine significantly underexpressed miRNAs
were also found, with miR-766 underexpressed the most
(—139-fold; for details, see Supplemental Table S4).

Validation Phase

The expression of 7 miRNAs (miR-200a, miR-200b,
miR-200c, miR-141, miR-429, miR-1290, and miR-30a-5p)
identified in the screening phase as potential biomarkers was
evaluated in the validation phase analyzing different sample
combinations (VS I-VIII; see Supplemental Table S1). In these
combinations, ascitic fluid and lavages were analyzed either
separately or altogether along with various combinations of
input samples with respect to histological subtype (high-
grade serous carcinomas, endometrioid, mucinous carcino-
mas), malignancy of ascites (nonmalignant samples in some
analyses were excluded), and primarily in comparison with
plasma control samples. Alternatively, malignant samples were
compared with nonmalignant samples.
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Table 3. FDs Between Ascitic Fluid and Control Plasma in TagMan Array MiRNA Type A Cards and Consistently Underexpressed MiRNAs.*

MiRNA Minus FD (Ct <40) P Minus FD (Ct <35)  95% Cl Low (minus)  95% CI High (minus) P

miR-45 598.843 o1l 1 081.769 3019.676 387.533 018
miR-185 310425 o1l 260.640 575.569 118.028 031
miR-15b 138.183 o1l 249.618 456.172 136.591 018
miR-223 131.143 ol 236902 755.220 74313 018
miR-142-3p 106.116 o1l 191.692 665.192 55.241 018
miR-16 101.453 o1l 183.268 400573 83.848 018
miR-652 86518 o1l 66.579 209.182 21.191 031
miR-126 76.626 o1l 138.420 322.409 59.428 018
miR-26b 69.606 o1l 40518 75.762 21.669 031
miR-19a 69.221 o1l 80.826 139.057 46.980 031
miR-20a 45640 o1l 82.446 173.103 39.268 018
miR-19b 27.853 o1l 50315 87.871 28810 018
miR-301a 43401 o1l 34.675 66.850 17.986 031
miR-20b 26450 o1l 47.780 124,77 18.297 018
miR-140-5p 25.665 o1l 46.362 76.233 28.196 018
miR-140-3p 25.047 o1l 41931 92.403 19.028 031
miR-106b 24,88 o1l 44946 81.356 24.831 018
miR-25 23222 o1l 41.948 74.975 23.470 018
miR-374a 21.698 o1l 39.195 169.944 9.040 018
miR-93 20514 o1l 37.057 65.974 20815 018
miR-192 19.671 ol 35.534 7041 17.932 018
miR-29¢ 18.436 o1l 27.388 53.460 14.032 031
miR-199a-3p 17.559 036 17.245 72266 4115 031
let-7b 17.498 o1l 31.609 105.259 9.492 018
miR-302b 17217 o1l 31.101 96.755 9.997 018
miR-17 16.745 o1l 30249 61.102 14.975 018
miR-532-3p 15.367 o1l 8.257 19.703 3.460 031
miR-590-5p 14579 o1l 26336 44,049 15.745 018
miR-208 14.354 o1l 25.930 62.69 10.724 018
miR-486-5p 12.497 o1l 22,575 39.935 12.762 018
miR-425 12.339 o1l 22289 27.030 18.379 018
miR-145 13.099 o1l 16.141 84.504 3.083 031
miR-195 11.888 o1l 21.474 42774 10.781 018
miR-324-3p 10.140 o1l 18318 45336 7.401 018
miR-454 9.217 o1l 16.650 31.566 8.782 018
miR-30c 9.048 o1l 16.345 45.589 5.860 018
miR-191 7.550 ol 13.639 22260 8.356 018
miR-618 6.556 036 11.843 52234 2.685 031
let-7a 6.384 o1l 11532 22961 5.792 018
let-7d 6.345 o1l 11.462 18.574 7.074 018
miR-30b 6.009 036 10.855 30621 3.848 018
miR-26a 4,688 o1l 8.468 11.945 6.003 018
miR-221 4473 o1l 8.08l 20,841 3.133 018
miR-194 4473 019 8.08l 24977 2614 018
miR-181a 4,344 o1l 7.847 10.328 5.962 018
miR-92a 3762 036 6.79 14.268 3.237 018
miR-186 3518 ol 6.354 9.149 4413 018
miR-532-5p 3303 o1l 5.966 8.479 4198 018
miR-501-5p 2.886 o1l 5213 7.073 3842 018
let-7g 2643 036 4774 10.731 2123 018
miR-28-5p 2328 o1l 4205 7.908 2236 018

Abbreviations: Cl, confidence interval; FD, fold difference; miRNA, microRNA.
*Only significant differences (P < .05) are noted and include miRNAs underexpre

Remarkably, the similar expression pattern, that is, all
miRNAs of the miR-200 family and miR-1290 with strongly
increased expression, and miR-30a-5p with weakly
increased expression, was observed across all sample com-
binations, independently on the fluid type (ascitic fluid vs
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ssed using both Ct cutoffs.

lavage) or histological subtype (serous, mucinous, and endo-
metrioid carcinomas). The results obtained in the validation
phase were consistent with the screening phase except for
miR-30a-5p. This miRNA was underexpressed in cancer
samples in comparison with control samples in the
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screening phase but was only weakly overexpressed in the
validation phase.

Validation Set |

In this sample combination, primary high-grade serous OCs
(malignant ascites) were compared with postmenopausal con-
trol plasma samples.

The expression of miR-200 family ranged from 1698-fold
(miR-200c) to 3657-fold (miR-200a) when comparing malig-
nant ascitic fluid-derived miRNAs of high-grade serous OCs to
control plasma-derived miRNAs (Supplemental Table S1). In
this comparison, increased expression of miR-1290 was also
notable (1535-fold). On the contrary, the lowest fold-difference
was observed for miR-30a-5p (4.7-fold; for details, see
Table 4).

Validation Set Il

In this sample combination, primary serous OCs ( ~ 88% high-
grade peritoneal lavages) were compared with postmenopausal
control plasma samples.

Independent evaluation of ascitic fluid-derived miRNAs
collected as peritoneal lavages (mostly high-grade, serous
0Cs) and compared with plasma controls (Supplemental table
S1) revealed similar results and miR-200a exhibited the most
increased expression (1905-fold). Interestingly, the fold-
differences of other miR-200 family members were mostly
lower, while fold-difference for miR-1290 was almost 2-fold
higher in comparison with VS II to the VS I results (for details,
see Table 4). The congruent results obtained for ascites and
peritoneal lavages suggest that both types of samples are usable
for this kind of research.

Validation Set Ill

In this sample combination, primary serous OCs ( ~ 88% high-
grade malignant peritoneal lavages) were compared with non-
malignant peritoneal lavages.

In an effort to further evaluate the potential differences
between malignant and nonmalignant effusions (the latter used
in some other investigations as controls), we compared the
expression of 4 malignant lavages with 4 nonmalignant lavages
(mostly high-grade serous OCs; Supplemental Table S1).
There was limited number of nonmalignant effusions for defi-
nite conclusions. However, no significant differences were
found for the validated miRNAs. Nonsignificantly decreased
expression was found for the 4 investigated miRNAs
(miR-429, miR-1290, miR-200a, and miR-30a5p), and non-
significantly increased expression was noted for miR-200c,
miR-200b, and miR-141, in comparison with malignant versus
nonmalignant samples (for details, see Table 4). It could be
assumed that the absence of malignant cells in the effusion
itself is a poor indicator of nonmalignant status of the fluid
particularly in otherwise malignant disease. This also limits the
usability of such samples as controls.

Table 4. Fold-Differences Between Ascitic Fluid/Lavages Versus
Control Plasma in Validation of MiRNAs Expression.*®

FD 95% Cl Low  95% Cl High P
miR-200c
VS 1697.61 1045.67 2756.03 .00000000
VS I 469.82 302,57 729.54 .00000002
Vs il 2.34 0.42 13.02 .60000000
VS IV 691.93 383.44 1248.64 00370370
VSV 1525.91 964.08 2415.16 .00030030
VS VI 1398.10 883.85 2211.56 .00000000
Vs Vil 930.21 610.78 1416.72 .00000000
VS Vil 1480.83 761.33 2880.31 .00036036
miR-429
VS 2417.14 1250.19 4673.36 .00000000
VS I 474.00 241.40 930.73 .00000002
Vs il 071 0.09 544 88571429
VS IV 770.22 243.74 243391 00370370
VSV 2584.94 | 004.34 6653.04 .00030030
VS VI 1340.75 679.98 2643.59 .00000000
Vs il | 188.40 694.39 2033.86 .00000000
VS Vil 1008.73 390.88 2603.20 00036036
miR-200b
VS 1815.73 976.38 3376.65 .00000000
Vsl 288.84 114.60 728.00 .00000014
Vs il 7.78 0.22 28135 .60000000
VS IV 603.16 192.13 1893.52 .00370370
VSV 212198 839.22 5365.48 .00030030
VS VI 1411.73 799.93 2491.45 .00000000
Vs vil 814.76 422.52 I571.15 .00000000
VS VIl 781.35 304.92 2002.23 .00036036
miR- 141
VS| 1734.82 824.83 3648.75 .00000000
Vsl 464.51 233.08 925.70 .00000002
Vs il 239 0.54 10.62 .60000000
VS IV 270.13 75.63 964.83 .00370370
VSV 648.83 232.76 1808.62 .00030030
VS VI 1337.81 674.68 2652.71 .00000000
VS vl 777.70 447 .44 1351.74 .00000000
VS VIl 733.95 255.50 210841 .00036036
miR-1290
VS 1534.58 432.08 5450.26 .00000000
Vsl 291732 945.20 9004.18 .00000002
Vs il 023 0.0/ 8.91 .68000000
VS IV 635.74 95.61 4227.15 .00370370
VSV 3857.60 895.22 16622.77 .00030030
VS VI 1928.90 624.29 5959.87 .00000000
Vs il 2194.90 869.27 5542.06 .00000000
VS Vil 57.73 10.45 319.02 03063063
miR-200a
VS 3656.88 1732.58 7718.42 .00000000
Vsl 1905.00 899.37 4035.08 .00000002
Vs il 0.92 0.24 347 88571429
VS IV 1752.96 414.66 7410.53 .00370370
VSV 3801.85 1175.54 12295.72 .00030030
VS VI 2787.28 1419.00 5474.94 .00000000
Vs il 2630.97 1597.79 433223 .00000000
VS Vil 837.08 254.92 2748.77 .00036036
miR-30a-5p
VS 472 277 8.06 .00033592
Vsl 226 1.28 3.96 00186986
Vs il 0.23 0.03 1.91 .60000000
(continued)
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Table 4. (continued)

FD 95% Cl Low  95% Cl High P
VS IV 1.71 0.87 338  .01904762
VsV 230 1.30 407  .00283140
VARl 319 1.79 571 .00090527
VS Vi 325 2.03 5.18  .00000098
Vs Vil 1.26 0.72 2,19 .14800515

Abbreviations: Cl, confidence interval; FD, fold difference; miRNA, microRNA;
VS, validation set.

*Sample combinations are listed in Supplemental Table SI.

®P values <.05 were considered statistically significant. Nonsignificant results
are indicated in italics.

Validation Sets IV and V

In these sample combinations, primary endometrioid OCs
(ascitic fluid, VS IV) and primary mucinous OCs (ascitic
fluid, VS V) were compared with postmenopausal control
plasma samples.

Evaluation of miRNA expression showed that both endome-
trioid (VS IV) and mucinous (VS V) subtypes (Supplemental
Table SI) have similar expression pattern, as it was observed in
VS I'in high-grade serous samples. Of note, the expression was
higher in mucinous samples as compared to endometrioid
samples (for details, see Table 4).

Validation Sets VI and VII

In these sample combinations, primary high-grade serous OCs
(malignant ascites and malignant lavages, VS VI) and primary
OCs of serous, endometrioid, and mucinous subtypes (VS VII),
ascites and lavages (both malignant and nonmalignant), were
compared with postmenopausal control plasma samples.

In both VS VI and VS VII (Supplemental Table S1),
miR-200 family members and miR-1290 were highly
expressed, and miR-30a-5p had significantly but weakly
(~3-fold) elevated expression in both sample combinations
(for details, see Table 4).

Validation Set VI

In this sample combination, primary OC/peritoneal carcinoma
(ascitic fluid) were compared with postmenopausal control
plasma samples.

In some cases, the primary origin of advanced serous pelvic
carcinoma may be either in the ovary or in the peritoneum, and
it is impossible to identify the exact primary site. Two such
samples (Al and A4—high-grade serous carcinomas) were
combined with A5 (primary serous peritoneal carcinoma) in
the VS VIII, and their expression was compared with plasma
controls. Highest overexpression of all miR-200 family mem-
bers (range 734-fold in miR-141 to 1481-fold in miR-200c) in
pathological samples was accompanied with remarkably less
elevated expression of miR-1290 (58-fold), and almost
unchanged expression of miR-30a-5p (FD = 1.3; for details,
see Table 4).

Logistic Regression and ROC Curve Analysis (Ovarian
Cancer vs Control Plasma)

The ability of particular miRNAs to discriminate samples of all
subtypes of OCs (VS VII, malignant and nonmalignant samples
of ascitic fluid and lavages, n = 23) from control plasma sam-
ples (RP1-34, n = 34), was evaluated using logistic regression
and ROC curve analyses. Expression of individual miR-141,
miR-200a, miR-200c, miR-429, and miR-1290 was able to
correctly classify 100% of the samples, with an AUC of
1.000. miR-200b (96.49% correct classification, AUC: 0.996)
also performed well. The AUC for miR-30a-5p was 0.885, with
87.72% correct classification.

Associations of MiRNA Expression With
Clinicopathological Data

In representative sample set VS VII, miRNAs expression did
not vary significantly with histological subtype, age, grade,
stage, residual tumor, or lymph node metastasis.

Impact of MIRNA Expression Level on Survival

In the representative sample set VS VII (n = 22 with available
survival data), the follow-up time (and overall survival in weeks)
for the patients ranged between 1 and 226 weeks (mean 103
weeks, 95% confidence interval [CI]: 79-126; median 106 weeks,
95% CI: 70-132). Progression-free survival ranged between 1 and
178 weeks (mean 80 weeks, 95% CI: 60-99; median 70 weeks,
95% CI: 61-104). Of the 22 patients, 13 (59%) have died within
the follow-up. Of the remaining 9 patients alive, 3 (33.3%) have
been reported with the recurrence of the disease.

Kaplan-Meier survival estimates and log-rank models for
both progression-free survival and overall survival, respec-
tively, were performed to assess the predictive value of miRNA
expression and clinical outcome in low and high expression
groups for each miRNA. These groups were defined by median
expression using log-transformed expression value (gbase+,
calibrated normalized relative quantities [CNRQ] values) for
the samples in VS VII group.

No significant association of miRNA expression was found
for progression-free survival. On the contrary, miR-200b
expression was significantly associated with overall survival
(log-rank test, P = .019). Low expression level of miR-200b
(<1.428 log-transformed CNRQ value) was associated with
improved survival (hazard ratio [HR]: 0.25, 95% CI: 0.083-
0.737, mean survival + standard error [SE]: 44.2 + 6.1
months), while high expression level was associated with wor-
sened survival (HR: 4.043, 95% CI: 1.356-12.051, mean sur-
vival + SE: 24.2 + 3.6 months; Figure 1).

Discussion

Extracellular MiRNAs as Novel Biomarkers

MiRNAs are small (~ 22 nucleotides in length), endogenously
expressed molecules of single-stranded noncoding RNA
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miR-200b

Low expression <1.43 log CNRQ

Mean survival = 176.7 weeks
0 HR: 0.25

High expression >1.43 log CNRQ
Mean survival = 97 weeks
HR: 4.04

Survival probability (%)

Time (weeks)

Figure |. Overall survival in relation to miR-200b expression levels.
Univariate Kaplan-Meier survival curves related to low and high con-
centrations of ascites-derived miR-200b in ovarian cancer VS VIl group
(n = 22), including ascites and lavages of primary ovarian carcinomas
(serous, endometrioid, and mucinous subtypes). For details on used
samples, see Supplemental Table SI. VS indicates validation set.

undergoing rapid turnover beginning with the transcription of
their encoding genes in the nucleus, processing of the tran-
scripts, their transport and localization, and functioning as the
key posttranscriptional regulators of gene expression until their
final degradation.”"® However, in addition to cellular miRNAs,
there is another remarkable fraction of miRNAs, occurring
outside the cells. Several years ago, extracellular miRNAs have
been detected in an extensive set of 12 body fluids (blood
plasma, urine, breast milk, colostrum, saliva, seminal fluid,
tears, amniotic fluid, cerebrospinal fluid, pleural fluid, and
peritoneal fluid).'” Since then, extracellular miRNAs (gener-
ally known in a simplified way as circulating, c-miRNAs, or
under somewhat confusing term cell-free miRNAs) have
emerged as novel potential biomarkers for many diseases,
including cancer.”®?! Extracellular miRNAs may exist
attached to various forms of their carriers: encapsulated in
extracellular vesicles including shedding vesicles and exo-
somes, associated with high-density lipoprotein particles or
as a fraction bound in complex with AGO proteins.”*** Differ-
ent pathways of biogenesis, mechanisms of sorting and trans-
port, and biological significance of extracellular miRNAs still
remain to be determined in detail."®

Extracellular Ascites-Derived miRNAs in Ovarian Cancer

Similarly to other research, the vast majority of miRNA inves-
tigations of ovarian cancer have been focused on the tumor
tissues or cell lines. However, even tumor tissue may be a very
heterogeneous entity of various, not only, cancerous cells
including tumor-infiltrating lymphocytes among the other.”***
Representativeness of cell lines may also be questionable. But

the most challenging issue is the limited capability of tumor
tissues to be used for the early diagnosis of ovarian cancer.
Therefore, the samples of liquid biopsies, such as blood
plasma/serum or urine, have become the target of investiga-
tions in search for novel diagnostic, predictive, and prognostic
biomarkers, including their miRNAs.®

Unfortunately, the research focused on ascites has been
standing aside from the vast majority of body fluid-based
investigations focused on ovarian cancer, It should be noted
that ascites may have the advantage over other biofluids due its
closer relationship with the tumor progression and metastatic
spread within peritoneum and omentum, commonly found in
affected patients. It is important because ovarian cancer metas-
tasizes primarily via direct extension or detachment from the
primary tumors and by passive carriage of tumor cells by the
ascites fluid as cancer cell spheroids and dissemination within
the peritoneal cavity.”’

Our study is the first comprehensive and large-scale evalua-
tion of extracellular ascites-derived miRNAs in ovarian cancer.
There are several other recent studies reporting analyzes of
ascitic fluid-derived miRNAs in ovarian cancer and differing
in the analyzed material. Vaksman et al'” have explored the
dynamics of miRNA regulation in ovarian cancer cells in
tumors and effusions and found distinct expression pattern
between these anatomical sites. Some miRNAs were highly
expressed only in primary carcinomas (n = 6 miRNAs) or only
in effusions (n = 12), while the third group of miRNAs con-
sisted of miRNAs highly expressed in both groups (n = 16).
However, many miRNAs showed inconclusive results differing
between experiments. For example, miR-200c was overex-
pressed in effusions in sample set 2, but not in sample set
1."° Congruently with'® and using the same TagMan miRNA
array type A, we found several miRNA overexpressed in the
screening experiment (see Table 2): miR-99a among
6 miRNAs expressed only in primary OC cells, miR-200b and
miR-200c among 16 miRNAs overexpressed both in effusions
and in OC, and finally miR-224, miR-31, miR-342, and
miR-99b among 12 miRNAs overexpressed only in effu-
sions.'” All these miRNAs were found overexpressed in the
screening experiment of the present study in comparison of
ascitic fluid and control plasma and may be good candidates
for further evaluation as ovarian oncomiRs. On the other hand,
different results were obtained for miRNAs overexpressed
in OC (miR-145 and miR-126) or overexpressed both in OC
and effusions (let-7-a, let-b, miR-16, miR-17, miR-191, and
miR-26a)'—we found all these miRNAs underexpressed in
the screening phase (Table 3).

More recently, Vaksman et al'* have focused on exosomal
fraction of OC effusions, pooled this fraction (n = 9), and
compared the miRNA expression with pooled reactive
mesothelial cells (RMC, n = 8) and pooled effusion-derived
tumor cells (n = 13). They found high levels of miR-21,
miR-23b, and miR-29a associated with poor progression-free
survival, and high expression of miR-21 correlated with poor
overall survival. The results also indicated that about 75% of
the miRNASs in the effusion supernatant may have the origin in
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OC cells. Despite the loss of biological variation by pooling the
samples and lacking statistical evaluation, the authors used an
elimination method and identified “highly expressed” miRNAs
(Ct <30) unique for each corresponding sample type and some
overlapping miRNAs, 19 of them were specific for OC effu-
sions. Among these miRNAs, miR-452 and miR-95 were over-
expressed in the screening phase of our study (see Table 2)
using the same TagMan array miRNA platform, suggesting
their function as ovarian oncomiRs. Within the group of 19
miRNAs specific to effusions, miR-21 has not been found spe-
cific for effusions though its high expression was associated
with poor overall survival.'* Expression of this miRNA has
also been elevated in OC cells and effusions previously.'”

As known oncomiR, miR-21 was the subject of investiga-
tion in the study of Cappellesso et al."* The authors demon-
strated that miR-21 expression was elevated in OC cells and
exosomes from peritoneal effusions associated with serous
OCs as compared with nonneoplastic controls and found an
associated inverse expression of its potential target tumor sup-
pressor programmed cell death 4 (PDCD4).

Most recently, Nymoen et al'' evaluated expression and
possible clinical roles of 9 miRNAs (miR-29a, miR-31, miR-
99b, miR-182, miR-210, miR-221, miR-222, miR-224, and
miR-342) previously shown to be overexpressed in cell pellets
of ovarian cancer effusions.'” In the study based again on cell
pellets of the effusions, Nymoen et al'' identified miR-29a as a
candidate biomarker significantly related to longer overall sur-
vival in patients with metastatic high-grade serous carcinoma.

As regards the large-scale miRNA profiling of the entire
extracellular fraction of the ascitic fluid, there has been only
1 study available so far.'> In this study, 5 miRNAs (miR-132,
miR-26a, let-7b, miR-145, and miR-143) were consistently
underexpressed in 3 different sample types (tumor tissues,
serum, and ascites). Unfortunately, large-scale miRNA expres-
sion profiling was conducted on samples of only 2 patients with
ovarian cancer and | control patient, and the results were vali-
dated assessing only serum samples,'? bringing down the infor-
mative value of the study with respect to ascitic fluid-derived
miRNAs. Despite this, the abovementioned miRNAs (except
for miR-132) were underexpressed in the screening phase of
our study and their tumor suppressor roles in ovarian cancer
may be tentatively assumed.

To sum up, the research on ascites-derived miRNAs is still
in its infancy. However, the achieved results clearly indicate
that all cellular, extracellular, and exosomal miRNA fractions
of ascitic fluid may be closely related to ovarian carcinogenesis
with potential impact on patient’s outcomes.

Expression of the miR-200 Family in Ovarian Cancer

All members of the miR-200 family (miR-200a, miR-200b,
miR-200¢, miR-141, and miR-429) were overexpressed in asci-
tic fluid relative to control plasma in the screening phase, and
these findings were confirmed in the validation phase. Higher
expression of miR-200b was related to poor overall survival

(24 months) in contrast to low level of miR-200b expression
associated with improved overall survival (44 months).

The role of the miR-200 family in ovarian cancer is not
clear, suggesting that the spatial and temporal diversity of
expression during carcinogenesis is associated with an epithe-
lial to mesenchymal transition (EMT) and vice versa (mesen-
chymal to epithelial transition, MET) linked to metastasis.
Most previous profiling studies have demonstrated the
increased expression of miR-200 family members in ovarian
cancer tissues or cancer cell lines, implicating an oncogenic
character of this miRNA family. Associations between the
expression of the family members and an increased expression
of epithelial markers, induction of MET, and limited migration
and cell invasiveness, however, suggest biphasic expression
patterns during ovarian carcinogenesis. Besides targeting
ZEBI/ZEB2 resulting to upregulation of E-cadherin expres-
sion, miR-200s also target snail to increase E-cadherin expres-
sion in ovarian cancer.”®*” Choi and Ng*° reviewed the
functions of miR-200s in ovarian cancer. They suggest that the
common scenario noted in cancer research is that this miRNA
family is active in suppressing EMT, leading to E-cadherin
overexpression, epithelial cell identity, and cancer metastasis
inhibition, appears to be different in ovarian cancer, as ovarian
cancer cells are more epithelial in nature compared to their
normal counterparts. Generally, miR-200s are highly con-
served among vertebrate species and may possess important
functions in a diversity of developmental processes, such as
proliferation of neurons, podocyte differentiation, taste bud
formation, insulin signaling pathway regulation in the control
of fat body and body size, and for the hormonal regulation of
endometrial stromal decidualization during embryo implanta-
tion. In ovarian cancer, however, clinical studies are not con-
clusive to relate the expression level of miR-200 family with
disease stage.’

The spatial and temporal variation in expression of the miR-
200 family members in various body fluids is not yet fully known.
Kanetal®' found that serum miR-200a, miR-200b, and miR-200c
were overexpressed in serous ovarian cancer samples relative to
controls. Similarly, Gao and Wu®” reported that the levels of
serum miR-200c and miR-141 were significantly higher in
patients with ovarian cancer than healthy controls but also found
that expression from early to advanced stages tended to decrease
for miR-200c¢ but increase for miR-141. Higher levels of miR-
200c were associated with improved survival, and patients with
low levels of miR-141 had significantly higher survival rates.
Meng et al** though reported that serum miR-429 continuously
increased from healthy controls to International Federation of
Gynecology and Obstetrics (FIGO) I-1I patients to FIGO 1I-IV
patients and that the levels of miR-429 were significantly corre-
lated with lower overall survival (HR: 1.78).

In the present study, expression varied among the ascites-
derived miR-200 family members, along with their possible
effects associated with clinical outcomes (as found in miR-
200b). This finding may also indicate their differential activity
in ovarian carcinogenesis. The magnitude of the increased
expression of the miR-200 family in the pathological samples
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Figure 2. Potential roles of miR-200 family in ovarian cancer.
Adopted from Choi and Ng.** MET indicates mesenchymalepithelial
transition.

of ascitic fluid versus the control plasma samples relative to
other miRNAs nevertheless indicated the strong oncogenic
character of the entire miR-200 family in ovarian cancer.
Potential roles of miR-200s are depicted in Figure 2.

Overexpressed Expression of miR-1290 in Ovarian
Cancer

Ovarian cancer ascites-derived miR-1290 was conspicuously
overexpressed relative to the control plasma. In contrast, Sha-
pira et al** did not find altered expression in plasma-derived
miR-1290 between ovarian cancer and control samples. Inter-
estingly, they found an association between increased expres-
sion of miR-1290 in plasma and higher overall survival.
MiR-1290 has been shown to act as an oncomiR in another
gynecological cancer, that is, endometrial cancer.”> Wu et al*®
have identified miR-1290 upregulated in colon cancer tissues
and found that upregulation of miR-1290 postponed cytokin-
esis and led to the formation of multinucleated cells. KIF13B, a
target of miR-1290, was involved in aberrant cytokinesis.*®
Similarly, it has been reported that miR-1290 may function
as a tumor oncogene in the progression of esophageal squa-
mous cell carcinoma by targeting nuclear factor I/X.*” Inter-
estingly, inhibition of miR-1290 resulted in decreased stemness
markers and EMT markers in non-small cell lung cancer
(NSCLC), while anti-miR-1290 suppressed proliferation,
sphere formation, colony formation, and invasion of NSCLC.*

Our findings also suggest an oncogenic character for miR-
1290, mostly in advanced stages of ovarian cancer, which may
provide further evidence for discrepancies between the expres-
sion levels of miRNAs in pathological plasma and ascitic fluid
samples, indicating the complex nature of these body fluids.
Ascites-derived miRNAs may also potentially be more advan-
tageous than plasma/serum or tissue-derived miRNAs as novel

miR-1290

Stemness
CD133 BMI-1
Oct4 Notch3

c-Kit c-Myc
Nanog

EMT
TGF-B1 Vimentin
SMAD2 SMAD3
Snail  STAT-3

Proliferation, migration and invasion
NFIX

Postponed cytokinesis
KIF13B

multinucleated cells

Figure 3. Presumable roles of miR-1290 in ovarian cancer. This sche-
matic diagram of assumed functions of miR-1290 is based on data
reported for non-small cell lung cancer,® esophageal squamous cell
carcinoma,”’ and colon cancer.*® However, these functions need to be
evaluated for ovarian cancer.

biomarkers, because ascites may more closely represent the
relationship with cancer progression in the abdominal cavity,
overcoming the dilution of cancer-related miRNAs in blood
and the vast heterogeneity of tumor tissue samples. Currently,
there is limited knowledge on the particular functional roles of
miR-1290 in ovarian cancer potentially resembling the roles
observed in other cancers (see Figure 3). However, a specific
nature of ovarian cancer deserves further research on this issue.

Expression of miR-30a-5p in Ovarian Cancer

The function of miR-30a-5p is not fully understood, with both
tumor suppressor and oncogenic roles in ovarian cancer.

Marchini et al*’ found a slightly lower expression of miR-
30a-5p (0.39-fold) in relapsers than nonrelapsers in ovarian
cancer tissues, implicating possible tumor suppressor roles for
this miRNA. Experimentally induced ectopic expression of
miR-30a-5p may decrease cell proliferation and invasion and
increase sensitivity to chemotherapeutic agents.*’ In contrast,
Chen et al*' reported opposite findings, where the increased
expression of miR-30a-5p was associated with decreased pacli-
taxel sensitivity, supporting the view that miR-30a-5p acts as
an oncogene. A low upregulation of miR-30a-5p (4.6-fold) in
urine has recently been associated with serous ovarian cancer
relative to controls. Surprisingly, expression was also higher in
stage I-I1 than stage ITI-IV samples.**

As regards to other diagnoses and possible roles of miR-30a-
5p, this miRNA was demonstrated to act as tumor suppressor in
many studies. For example, miR-30a-5p inhibited proliferation,
metastasis, and EMT and upregulated the expression of tight
junction protein claudin-5 in upper tract urothelial carcinoma
cells.** Tumor suppressive roles of miR-30a-5p have also been
shown in renal cell carcinoma.** Similarly, miR-30a-5p inhibited
the proliferation, invasion, and tumor growth of hepatocellular
cancer cells by inhibition of forkhead box A1 (FOXAI ). More-
over, miR-30-5p could inhibit muscle cell differentiation and
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regulate the alternative splicing of Trim55 and insulin receptor
(INSR) by targeting Muscleblind-Like (MBNL).*¢

Expression of miR-30a-5p in our study was weakly (up to 4.7-
fold in VS ) but significantly elevated in ascitic fluid versus
controls in the validation phase. An oncogenic character of miR-
30a-5p in OCs may be suggested but possibly to much lesser
degree than in other validated miRNAs and should be further
explored with respect to opposite functions found in other cancers.

Ascites-Derived Extracellular MiRNAs in Future Clinical
Practice

As in other miRNA research, the problem of compatibility of
results and their general acceptance is a function of their exten-
sive and independent international validation. The methods of
sampling (peritoneal/pleural effusions, or lavages), extracellu-
lar fraction separation, RNA isolation, and quantification anal-
yses may differ among the investigations, similarly as
normalization, use of control samples (RMCs vs plasma), or
with respect to ethnogeographical and biological variation and
often limited sets of samples. All these factors may potentially
alter the results. Moreover, there is no generally accepted stan-
dard for the abovementioned issues and methods at this
moment while each method may have its own advantages and
drawbacks. Therefore, further validation of results will be nec-
essary also with respect to serous peritoneal carcinomas and
other less frequent subtypes of OCs.

Complexity of body fluids and their cellular and extracel-
lular components raises other important questions. For exam-
ple, what parts of the liquid biopsy are the true representatives
of the disease? It has become evident that every fraction of
particular body fluid may have its own but often overlapping
miRNA expression pattern, informative value, and clinical
potential. Focus on exosomes may identify differences attrib-
uted to secretory activity of the cells (note, however, that exo-
somal miRNAs account only for a few percent of the c-miRNA
pool),'®?? while cellular miRNAs representing different cancer
cells may show the oncogene- or tumor suppressor roles of
miRNAs, but this is affected largely by the most abundant/
active cells. Without cell sorting, the differences cannot be
attributed to 1 type of the cells. On the other hand, analysis
of the broad spectrum of extracellular miRNAs (in cell-free
fraction including exosomes) may have the advantage to pro-
vide a global picture of the changes in miRNA expression in
particular body fluid.

It should be emphasized that the levels of some ascites-
derived miRNAs may be extensively altered relative to the
control plasma samples. We identified 153 differentially
expressed miRNAs, including many overexpressed (potential
oncomiRs) and underexpressed miRNAs (potential tumor
suppressors). High expressions suggesting oncogenic func-
tions were most notable for all miR-200 family members and
miR-1290. The function of the limited overexpression of
miR-30a-5p remains elusive. Association between ascites-
derived miRNA expression and clinical outcomes was found
only in miR-200b, but it may suggest a promising prognostic

potential within the group of extracellular miRNAs found in
ascites. It might be expected that novel important parts of
miRNA regulatory networks associated with ovarian carcino-
genesis may be discovered in ascites. Meanwhile, novel diag-
nostic, predictive, and prognostic ascites-derived miRNA
biomarkers should be evaluated in future studies for ovarian
cancer. Such biomarkers may not only come from the entire
extracellular fraction in ascitic fluids, but these may be
accompanied with the novel miRNA biomarkers found in
exosomes or cells in the pathological effusions associated
with ovarian cancer. With this knowledge, novel targeted
therapies and other clinical applications may also be devel-
oped for battling ovarian cancer.
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4. Radikalni primarni operacni 1é¢ba vybranych gynekologickych malignit
(karcinom vajefniku a vulvy) a sekundarni cytoredukéni chirurgie

karcinomu vajecniku

Operacni 1écba predstavuje zakladni modalitu v 1écbé zhoubnych nadort gynekologickych
panevnich organt, piicemz u karcinomu vajecniku ptedstavuje jedinou kurativni terapeutickou
metodu. Zejména v Casnych stadiich nemoci pfindsi operace nejlepsi terapeutické vysledky
[48,49]. Rovnéz u pokrocilejsich stadii, které vzdy vyzaduji kombinaci s dalSimi modalitami
regionalni a/nebo systémové 1écby, zpravidla ptiznivé ovliviiuje prognézu nemocnych v podobé
zlepSeni kvality Zivota, prodlouzeni doby bez pfitomnosti nemoci a prodlouzeni celkového
preziti [50].

Krom¢ 1é¢ebného vyznamu mé operaéni 1écba i vyznam diagnosticky a stagingovy. I pies
dynamicky rozvoj modernich zobrazovacich metod zlstdva operacni vykon nejpiesnéjsim
nastrojem stanoveni rozsahu nemoci. Absolutné to plati zejména v ¢asnych stadiich nemoci, kde
je zasadni profit kompletniho (radikalniho) stagingového vykonu u nador povazovanych podle
makroskopického nalezu za ¢asna stddia nemoci (FIGO I-II) zaloZen na odhaleni subklinického
metastatického postizeni. To umoziiuje piesné urceni klinického stadia, které je nezbytné
pro indikaci nasledné suficientni adjuvantni 1é¢by [51].

Ptestoze vSechny zakladni onkogynekologické operacni vykony byly popsany jiz pied ne€kolika
desitkami let, prodélava chirurgickd 1é¢ba velice dynamicky vyvoj. Zasadnim trendem je
individualizace pfistupu, tj. stanoveni optimalniho rozsahu a radikality operace u kazdé
pacientky na zakladé¢ zhodnoceni souboru prognostickych faktorti. To umoznuje modifikace
indikaci jednotlivych vykont a upfesnéni jejich rozsahu [52,53]. Nezastupitelné misto v rozvoji
onkochirurgie v gynekologii ma zavadéni novych technologii, které technicky usnadnuji vlastni
operacni vykon a redukuji vyskyt komplikaci [54,55]. Nezvratitelnym trendem je centralizace

péce o pacientky s gynekologickym zhoubnym nddorem na urovni onkogynekologickych center
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poskytujicich specializovanou péci v ramci fakultnich a krajskych nemocnic. Tato centralizace
umoznuje nejen zrychlenou a preciznéj$i diagnostiku a moznosti vyuziti moderni systémové
cilené 1é¢by, ale je rovnéz nezbytné asociovana s formovanim tymt onkogynekologl-operatérii
se specialni erudici v tomto segmentu operacni 1é¢by. S tim souvisi nejen Castéjs$i provedeni
kompletniho stagingu u ¢asnych stadii, ale soucasné i vyssi radikalita a frekventnéjsi dosazeni
optimalni cytoredukce u pokrocilych stadii, coz je spojeno s celkové lepsi progndzou pacientek
operovanych v onkogynekologickych centrech [56-58].

Kapitola tykajici se radikalni operacni 1é€by vybranych gynekologickych malignit je tématicky
rozdélena do tii ¢asti. V Casti 4.1. se autor vénuje piinosu extendované operacni 1€cby primarné
zachycenych pokrocilych stadii karcinomu vaje¢niku na podkladé podrobné analyzy souboru
pacientek operovanych v Onkogynekologickém centru FN Brno. Téma benefitu sekundarni
cytoredukéni chirurgie pro pacientky s recidivou epitelialnich nadort vajeéniku je analyzovano
opét na vlastnim souboru pacientek v ¢asti 4.2. této kapitoly. Dalsi cast (4.3.) tykajici se
radikalni operacni 1é¢by karcinomu zevnich rodidel analyzuje na vlastnim souboru pacientek
prognostické faktory podilejici se na recidivé tohoto zhoubného nadoru po priméarni kompletni
stagingové operaci s dlirazem na parametry bezprostfedné ovlivnitelné onkogynekologem-

operatérem.
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4.1. Operacni lécba pokrocilych stadii karcinomu vajeéniku

Karcinom vaje¢niku je nejCastéjsi pri¢ina umrti na gynekologické malignity. Jeho incidence se
Vv poslednich letech pohybuje kolem 19-ti ptipad/100 tisic Zen, coz v absolutnich parametrech
piedstavuje 1020-1030 novych onemocnéni v pribéhu kalendainiho roku. Alarmujici je vSak
letalita tohoto nadoru, nebot’ roéné zemie v Ceské republice 720-730 Zen na podkladé progrese
tohoto nadorového onemocnéni [2]. Hlavni pii¢inou Spatné progndzy je neoddiskutovatelné
pozdni diagnostika nemoci. V pozdnich stadiich (FIGO III-IV) je diagnostikovano kolem 70-
75% vSech novych onemocnéni a pétileté preziti pacientek v pokrocilych stadiich se pohybuje
v rozmezi 25-30% [2]. Piestoze je 1é¢bé zhoubného nadoru vaje¢niku vénovana nalezita
pozornost, zlepSeni vysledkl pteziti v poslednich 20-ti letech 1 pies pokroky v cilené 1é¢be neni
adekvétni.

Z pohledu operatéra-onkogynekologa je vSak potéSujici, Ze podstatnym dilem se na urcitém
dosazeném zlepSeni podili rovnéz rozvoj adekvatné radikalni operativy soustfedéné na urovni
onkogynekologickych center. Pro opera¢ni pfistup k pokrocilym stddiim nemoci je
charakteristické, Ze do 70. let minulého stoleti byl chirurgicky vykon limitovan pouze
na diagnostickou biopsii nebo provedeni adnexektomie. Poté se zacaly objevovat prace
popisuyjici velmi vyrazné rozdily v prognéze pacientek pokroc€ilych stadii karcinomu vajecniku
Vv zavislosti na radikalit¢ provedeného vykonu. Pozornost zacala byt vénovana rozsahu
nadorového rezidua. Jedna z prvnich praci vénovanych tomuto tématu z M. D. Anderson Tumor
Institute prezentovala v roce 1975 na souboru témét 400 pacientek dosazeni pétiletého preziti
u 35% pacientek s rezidualnim nadorem mens$im nez 1 cm ve srovnani s pétiletym prezitim
tykajicim se pouze 2% pacientek pii nddorovém reziduu vét§im nez 1 cm [59]. Vyznam rozsahu
vykonu byl a je postupné potvrzovan dal§imi publikacemi, pficemz zasadni pozornost zacala byt
vénovana dosazeni tzv. optimdlni cytoredukce, kterd v dneSnim pojeti predstavuje absenci
makroskopicky patrného nadorového rezidua na konci opera¢niho vykonu [60-64].
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Adekvatni radikalita zaméfend na dosazeni optimalni cytoredukce je nezbytné spojena jak se
specialni erudici operujiciho onkogynekologa, tak i1 s nutnosti mezioborové spoluprace
s dalSimi operacnimi obory, zejména se specialisty v bfisni chirurgii a urologii [65]. Naprosto
zasadni je pfi rozhodovani o extenzivnim vykonu provedeni precizni pfedoperacni diagnostiky
S vyuzitim nejmodernéjSich zobrazovacich metod, véetné PET/MR nebo PET/CT a spoluprace
mezi radiodiagnostikem a onkogynekologem [66-68]. V piipadé pochybnosti o operabilité
nalezu je vhodné u pokrocilych nélezti zafadit do operacniho algoritmu diagnostickou
laparoskopii, kterd pomoci specidlnich skérovacich systémi pomaha peroperacné vygenerovat
definitivni nahled na mozZnost optimalni cytoredukce pokroc¢ilého nadoru [69-71]. Podle toho se
rozlisuji dva zakladni typy operacnich pfistupl. Prvnim je cytoredukéni operace jako primarni
vykon (primary debulking surgery, PDS), kdy je shoda piedoperacnich vySetfeni a ev.
diagnostické laparoskopie na dosazeni optimalni cytoredukce. V pripad€, ze neni predpoklad
dosazeni makroskopicky nulového rezidua pii primarni operaci, je preferovana pouze biopsie
mininvazivnim pfistupem a intervalova operace (interval debulking surgery, IDS) zpravidla
po 3 cyklech adekvatné ucinné chemoterapie, kterda umozni naslednou optimalni cytoredukci
[72-74].

Operacni erudice onkogynekogického operatéra vyzaduje dokonalou orientaci v oblasti celé
peritonedlni dutiny, vcetné retroperitonea, nebot’ v piipadé predpokladu dosazeni optimalni
cytoredukce jsou kromé stagingového vykonu (hysterektomie s bilaterdlni adnexektomii, totalni
omentektomii, appendektomii a exstirpaci zvétSenych lymfatickych uzlin z oblasti panevni a
paraortélni) pln¢ indikované dalsi resek¢éni a excizni vykony podle rozsahu a lokalizace postizeni
dutiny bfi$ni. Jedna se o panevni nebo totalni peritonektomii v¢etné odstranéni peritonea branice
(tzv. diafragmaticky stripping) nebo lokalizovanou excizi brani¢niho svalu v piipadé hlubsi
infiltrace, soucasti vykonu mutize byt rovnéz splenektomie. Spoluprace s bfiSnim chirurgem

umoziuje resekci klickek tenkého nebo tlustého stfeva, cholecystektomii, resekci jater nebo
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slinivky bfi$ni, kooperace s urologem resekci moc¢ového méchyie, ev. mocovodu [65,75-77].
Smysluplnost indikovanych extenzivnich vykonl je potvrzovana publikacnimi vystupy, které
deklaruji prodlouzeni intervalu bez onemocnéni (disease free interval, DFI) a prodlouzeni
celkového preziti (overall survival, OS) [78,79].

Racionalita tohoto trendu je doloZena rovnéz vystupy nize ptilozené prvoautorské publikace,
kterd analyzuje nékolik desitek ptipadi pokrocilych nadorti vaje¢niku, které byly feSeny
mezioborovymi extenzivnimi operacemi. Pro pracovi§t¢ s vysokym poctem optimalnich
cytoredukei je pritom typicky suficientni podil stfevnich resekci u téchto vykoni, ktery by mél
oscilovat mezi 20-30%. Hlavni diraz publikace je kladen na analyzu benefitu resekéniho vykonu
na levé poloving tlustého stfeva (rektosigmatu), nebot” tato byva pomérné velmi Casto postizena
u pokrocilych stadii nemoci vzhledem k anatomické blizkosti déloznich adnex a pfiléhajici ¢asti
tlustého stfeva. Terminologicky se jedna o tzv. zadni modifikovanou supralevatorovou
exenteraci, kterd predstavuje resekéni vykon v panvi en-bloc, tj. odstranéni délohy, déloznich

adnex, infiltrované casti rektosigmatu a panevniho peritonea s naslednym obnovenim kontinutity

stfeva konstrukci anastomozy (viz ptiloha 4.1.1.)
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Abstract

Introduction. This study aimed to investigate the possible benefits of a
complete cytoreduction in patients with advanced ovarian cancer and
concomitant rectal Furthermore, we evaluated the morbidity
associated with radical surgery. Material and methods. A retrospective analysis
examined 35 women who underwent radical surgery in the form of modified
posterior pelvic exenteration. Descriptive statistics, Kaplan—Meier survival
curves and log-rank test were used for statistical estimations. Surgical
complications analyzed wusing the
Results. The analysis of survival in relation to residual disease assessed
according to Sugarbaker confirmed an optimistic prognosis in patients with
optimal debulking with a mean disease-free survival period of 33.6 months in
RO patients, 19.6 months in R1 patients, and 14.3 months in R2 patients. A
statistically significant difference in disease-free survival (p = 0.023) was
observed between the RO (without residual disease) and R14+2 (with residual
disease) groups. Surgical complications occurred in 83% of patients, with early
postoperative complications being most frequent (65.7%). While grade ITI-TV
complications occurred in 37.7% of all patients, no cases of surgery-associated
mortality occurred. Conclusions. Modified posterior pelvic exenteration is a
highly effective method for achieving optimal debulking in cases of advanced
ovarian cancer with the direct invasion of the rectum. Modified posterior
pelvic exenteration does not delay the beginning of complementary
chemotherapy. However, it is necessary to take into account surgery-related
morbidity. As modified posterior pelvic exenteration represents an extremely
invasive technique, the surgical plan and perioperative care should be
personalized to address the individual medical and surgical conditions of each
patient.

invasion.

were Clavien—Dindo  classification.

Abbreviations: CT, computer tomography; DFS, disease-free survival; IDS,
interval debulking surgery; MPPE, modified posterior pelvic exenteration; MRI,
magnetic resonance imaging; NACT, neoadjuvant chemotherapy; PDS, primary
debulking surgery; PET, positron emission tomography; R, residual disease.
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Introduction

Ovarian cancer is the most common cause of death
among women with gynecological malignancies, with
approximately 70% being diagnosed in the advanced
stages of the disease (1). No more than approximately
30% of patients diagnosed with stages III-1V achieve
five-year survival (2). Prognosis in advanced stages of the
disease may be improved by means of adequate radical
surgery; centralizing such treatment in tertiary referral
centers plays a crucial role in the management of such
patients. Although primary debulking surgery (PDS) fol-
lowed by adjuvant chemotherapy based on platinum is
the standard surgical procedure in such cases (3), the
bioptic verification of a tumor may also be achieved using
a mini-invasive technique in cases with non-resectable
tumors. Interval debulking surgery (IDS) is then usually
employed following adequately effective neoadjuvant
chemotherapy (NACT) (4,5).

Radical surgery aims to achieve zero macroscopic resid-
val tumor, which constitutes the most important prog-
nostic factor (6). The prognostic importance of zero
residuum thus justifies extensive cytoreductive surgery,
which may be associated with serious complications (7).
The most common radical surgery employed in the treat-
ment of locally advanced ovarian tumors is modified pos-
terior pelvic exenteration (MPPE), a supralevator-type
resection with low colorectal anastomosis, usually located
5-7 cm above the anocutaneous line. The supralevator
approach is possible as the infraperitoneal rectum is often
preserved from invasion by ovarian pelvic mass (8).

The main objective of this study was to investigate the
benefits of MPPE for the prognosis of patients with
advanced ovarian cancer and concomitant rectal invasion
in relation to residual disease (R). Furthermore, we also
aimed to evaluate the morbidity associated with this sur-
gical procedure.

Material and methods

This retrospective study included 35 patients with
advanced malignant ovarian tumors and concomitant rec-
tal invasion who underwent radical surgery in the form
of MPPE over a four-year period (2011-2014). A total of
23% of all advanced malignant ovarian tumors were dealt
using this surgical procedure during the study period. All
operations were carried out with the objective of achiev-
ing zero macroscopic residuum. The achieved results rep-
resent our initial learning curve.

A great deal of attention was paid to the preoperative
selection of patients suitable for radical surgery. Prior to
surgery, the patients underwent a complex examination
using imaging methods to estimate the extent of the

Pelvic exenteration in ovarian cancer

disease, with special emphasis placed on pelvic ultra-
sonography. Apart from the diagnosis of uni- or bilateral
ovarian tumors, metastatic involvement of pelvic serous
membranes and potential pelvic lymphadenopathy, the
ultrasonographic examination also evaluated the involve-
ment of the rectal wall by direct tumor growth or by
implantation metastases. In addition to ultrasonography,
computer tomography (CT) was frequently used to evalu-
ate dissemination above the pelvic level. The examination
was designed to evaluate possible contraindications for
radical surgery such as the invasion of the mesenteric
root, celiac region, hepatic pedicle, gastric serous mem-
brane, the presence of peritoneal miliaria, multiple inop-
erable tumors on the bowel or liver metastases. Metastatic
involvement of the lungs, pleural cavity and hilous as well
as mediastinal lymphadenopathy was excluded prior to
radical surgery. Positron emission tomography (PET)/CT
provided a significant amount of help with respect to
acquiring an exact pattern of dissemination during preop-
erative noninvasive patient selection for PDS or biopsy
with NACT and IDS. In cases of persisting doubts regard-
ing the viability of radical surgery, surgery was initiated
via diagnostic laparoscopy in order objectively to assess
findings using the Fagotti score. PDS was performed if
the Fagotti score was <8, otherwise only a biopsy was
taken and the patient was referred for NACT (9).
Standard surgical procedure in all patients involved
type B radical hysterectomy, bilateral salpingo-oophorect-
omy, pelvic peritonectomy, total omentectomy, appendec-
tomy and intestinal surgical procedure, employed with
respect to the extent of bowel disease. Based on the extent
of tumor dissemination, other aggressive surgical proce-
dures were performed to achieve optimal debulking. Lym-
phadenectomy was performed on a systematic basis
(pelvic and lombo-aortic) or for the removal of bulky
lymph nodes in cases of good tolerance of surgery by the
patient after the zero residuum was achieved or if malig-
nant lymphadenopathy was suspected on imaging.
Information on age, body mass index, menopausal sta-
tus and parity was obtained from patient records. Surgical
procedure (PDS or IDS) timing was recorded and tumor
histotype and disease stage were determined according to
the International Federation of Gynecology and Obstetrics

Key Message

Modified posterior pelvic exenteration is a highly sat-
isfactory method for achieving optimal debulking
with an acceptable rate of serious complications in
cases of advanced ovarian cancer with direct invasion
of the rectum.
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(FIGO) staging system based on surgical findings. Infor-
mation related to the duration of the operation, blood
loss, need for blood transfusion and intraoperative com-
plications (grade I-IVB) based on the Clavien-Dindo
classification was collected (10). The presence of residual
disease, perceived as a critical parameter, was analyzed
using the Completeness of Cytoreduction Score according
to Sugarbaker, with RO indicating the presence of zero
macroscopic residuum, R1 a residuum of less than
0.25 cm, and R2 a residuum of 0.25-2.5 cm (11). In
addition, early postoperative complications (<30 days),
late postoperative complications (>30 days), disease-free
survival (DFS), overall survival and mortality index due
to disease progression were also analyzed. All included
patients fulfilled the criterion of regular follow up (range:
25-55 months).

Statistical analyses

Data analysis was performed using R3.1.2. Qualitative
and quantitative variables were described as percentages
and mean + SD or median (range), respectively. The sta-
tistical analysis of DFS was conducted using survival anal-
ysis with the Kaplan—Meier estimate of survival function;
living patients without relapse were censored at the last
follow up. Mean values and survival rates of groups R0-
R2 are provided with 95% confidence intervals (CI) for
all patients; they were compared using a log-rank test.
Cox regression modeling was used to quantify the hazard
ratio between the groups. Due to the limited follow up of
the enrolled patients (seven deaths, 28 censors), no over-
all survival analysis is included.

Ethical approval

The Ethical Committee of the University Hospital Brno,
Czech Republic approved the study on 16 January 2017
(reference number: 160117).

Results

A total of 35 patients underwent radical surgery (MPPE).
The baseline clinical characteristics of the cohort are
included in Table 1. The youngest patient (with locally
advanced yolk sac tumor) was 24 years old. Two patients
suffered from non-epithelial malignant tumors (granulosa
cells tumor and yolk sac tumor); high-grade carcinomas
prevailed among patients with epithelial malignancies (29
of 33 patients). The serous histotype was prevalent among
patients with epithelial tumors.

Table 2 analyzes the timing of radical surgery in rela-
tion to chemotherapy and achieved R. The dominant sur-
gery type was PDS, which was performed in 94% of all

-

. Minar et al.

Table 1. Patient characteristics.

Characteristic
Age (years), mean (range) 61 (24-82)
BMI, mean (range) 29 (24-34)
Pre-/postmenopausal status 7/28
Nullipara/non-nullipara 11/24
Histotype
Epithelial high-grade carcinoma 29
Epithelial low-grade carcinoma 4
Non-epithelial malignancy 2
FIGO stage
nc 29
v 6

BMI, body mass index; FIGO, International Federation of Gynecology
and Obstetrics.

Table 2. Residual disease according to Sugarbaker index.

No. of patients

R PDS IDS
0 24 2
1 5 0
2 4 0

IDS, interval debulking surgery; PDS, primary debulking surgery; R,
residual disease.

cases, followed by six cycles of platinum-based adjuvant
chemotherapy. In two cases, IDS was performed after
four cycles of NACT; two more cycles of chemotherapy
were added because RO residuum was achieved. While
optimal debulking was reached in 74% of patients, R was
observed in a total of nine cases (26%) at the end of the
operation (R1 in five patients, R2 in four patients).

In addition to standard surgical procedures, the basic
extent of surgery also included intestinal resection. Rec-
tosigmoid resection was performed in 29 patients (83%),
with end-to-end anastomosis with a circular stapler
inserted into the anus employed in the case of 26
patients. Three patients underwent permanent colostomy
due to low resection. Moreover, five patients with rec-
tosigmoid resection were subjected to simultaneous mul-
tiple intestinal resections. Of the remaining six patients,
five underwent left hemicolectomy with stapler anastomo-
sis and one patient was subjected to total colectomy with
ileostomy due to a diffuse involvement of the large bowel.
Systemic pelvic and lombo-aortic lymphadenectomy was
performed in 16 patients (45.7%) with an average num-
ber of 64 lymph nodes obtained (range: 32-100). Meta-
static involvement was revealed in seven patients (44%)
in this group. In five cases metastatic bulky lymph nodes,
including groin lymph nodes (range: 1-25),

were

1138 © 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 96 (2017) 1136-1143



L. Minar et al.

Table 3. Types of intestinal and concomitant surgical procedures.

Type of surgical procedure No. of patients

Rectosigmoid resection 29
Left hemicolectomy 5
Total colectomy 1
Lymphadenectomy 21
Total peritonectomy (including diaphragma) 10
Resection of diaphragm 2
Splenectomy 4
Cholecystectomy 3
Gastric resection 2
Ureteral resection 1

removed. Based on the extent of tumor involvement,
standard staging and intestinal surgical procedures were
completed with additional aggressive surgical treatment
(Table 3).

The average duration of each surgery was 283 min
(range: 170-480) with an average blood loss of 970 mL
(range: 400-3500). Table 4 provides information on sur-
gical  complications.  Intraoperative  complications
occurred in 10 patients (31.4%); eight patients (22.8%)
had a hemorrhage (>1500 mL) and required blood trans-
fusions during surgery (grade Il complication). Grade III
complications requiring prompt additional surgery
appeared in two patients (5.7%): a lesion involving the
diaphragm was treated with suture and a complete inter-
ruption of the ureter was solved by the insertion of a
stent and subsequent anastomosis.

Table 4. Intraoperative and postoperative complications.

Type of complication No. of patients

Intraoperative complications
Hemorrhage (>1500 mL) 8
latrogenic diaphragmatic lesion 1
latrogenic ureteral lesion

Early postoperative complications
Pleural effusion
Anemia (Hb < 80 g/L)
Prolonged pyrexia (>38°C)
Subacute bowel obstruction
Thigh paresthesia
Anastomotic leakage
Wound dehiscence
Pulmonary thrombembolism

Late postoperative complications
Clostridium difficile infection
Incisional hernia
Symptomatic lymphocele
Bowel obstruction

A I~ N IR o - B

- = =

Hb, hemoglobin.

Pelvic exenteration in ovarian cancer

No early postoperative complications occurred in 12
patients (34.3%). Two patients experienced three simulta-
neous early postoperative complications at the same time
(anemia with anastomotic leakage and wound dehiscence,
and anemia with prolonged pyrexia and wound dehis-
cence, respectively). A total of 34 early postoperative
complications were recorded in the cohort. The dominant
early complication was worsening anemia with hemoglo-
bin <8 g/dL (grade II), which occurred in eight patients
(22.9%) who therefore required blood transfusions during
hospitalization. Prolonged pyrexia (>38°C) requiring
antibiotic treatment affected seven patients (20%) and the
same number of patients suffered from subacute bowel
obstruction (both grade II). Furthermore, one case of
moderate pleural effusion was solved by noninvasive
mechanical ventilation and physiotherapy (grade I) and
one episode of thigh paresthesia was treated with corti-
costeroids (grade II). While serious early postoperative
complications (grade III-IV) requiring secondary surgery
occurred in seven patients (20.0%); wound dehiscence,
affecting five patients, was recorded as the most frequent.
Anastomotic leakage, accompanied by wound dehiscence
in two cases, occurred in four patients. This was solved
by permanent colostomy in two patients and by tempo-
rary ileostomy, reversed after adjuvant chemotherapy, in
a further two cases. Finally, early postoperative complica-
tions included one case of pulmonary thromboembolism
(grade IVA). With respect to early postoperative compli-
cations, less severe early postoperative complications
(grade I-1I) were more frequent, but 10 (28.6%) cases of
early postoperative complications were classified as grade
HI-1V.

Late postoperative complications occurred in nine
patients (25.7%). One case of Clostridium difficile infec-
tion (grade II) was adequately treated with antibiotics.
Two patients developed grade IIIB complications
(incisional hernia, bowel obstruction requiring re-laparot-
omy and adhesiolysis). The most common late postopera-
tive complication was symptomatic lymphocele (grade
IIIA), which was drained under sonographic or CT
guidance. No mortalities were associated with surgical
complications.

Systemic chemotherapy was administered to 32 patients
(91.4%). Two patients refused adjuvant chemotherapy. In
one case, chemotherapy was not initiated due to poor
general condition. The mean delay between radical sur-
gery and the start of chemotherapy was 35.8 days (range:
21-78) (Figure 1).

All patients included in the analysis had a proper fol-
low up. During the follow-up period (range: 25-
55 months), mean DFS stood at 30.2 & 3.4 months (95%
CI 23.5-36.8) (Figure 2). Seven deaths (i.e. a mortality
rate of 20%) were recorded. Recurrence in patients who
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Figure 1. Initiation of complementary chemotherapy after modified
posterior pelvic exenteration in days.
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Figure 2. Disease-free survival (DFS) regardless of residual disease in
months. [Color figure can be viewed at wileyonlinelibrary.com].

subsequently died was localized in the pelvis in two cases
with one case of concomitant involvement of the liver.
The remaining cases featured a solitary involvement of
the liver, lung and brain, with two cases of duplicate liver
and lung involvement. Thirteen patients were alive with
recurrence. In one case, recurrence was localized in the
pelvis, visceral peritoneal surfaces of the upper abdomen
were involved in six cases, and both the liver and spleen
in two cases. Aortic lymph nodes were involved in two
cases and both the liver and periportal lymph nodes were
involved in a further two. Fifteen patients were alive
without recurrence.

The analysis of survival parameters in relation to R
confirmed a more favorable prognosis in patients with
optimal debulking. During the follow-up period, we
found a mean DFS of 33.6 + 3.9 months (95% CI; 25.8—
41.3) in RO patients, 19.6 £ 3.6 months (95% CI 12.5—
26.7) in R1 patients and 14.3 + 4.0 months (95% CI
6.3-22.2) in R2 patients. When testing the difference
between survival curves using the log-rank test, a

L. Minar et al.
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Figure 3. Disease-free survival (DFS) according to residual disease (R)
in months (RO vs. R1+R2). [Color figure can be viewed at
wileyonlinelibrary.com].

statistically significant difference was observed in DFS
(p = 0.023) between the RO (without residual disease)
and RI + 2 (with residual disease) groups (Figure 3).
When quantifying the difference in recurrence risk using
the Cox regression model, we observed a 2.75-fold greater
risk of relapse in patients with residuum (R1 + 2) than in
RO patients (95% CI 1.01-6.87; p = 0.030). Due to the
limited follow up of included patients (seven deaths, 28
censors), an overall survival analysis is not included.

Discussion

The main purpose of the surgical treatment of advanced
ovarian cancer is to achieve optimal cytoreduction, which
constitutes a key prognostic factor. Survival parameters
are significantly worse in patients who undergo subopti-
mal debulking than in those subjected to optimal debulk-
ing (12,13). Precise preoperative staging designed to
establish the limits of these extremely invasive surgical
procedures plays an important role in determining the
indication for radical surgery with concomitant intestinal
resection. Either PET/CT or PET/magnetic resonance
imaging (MRI) should be part of standard noninvasive
preoperative selection. Multiple studies show that PET/
CT can detect lymph nodes and distant metastases
in ovarian cancer with high accuracy and may therefore
affect treatment management. Although PET/CT staging
is superior for identifying lymph nodes and distant
metastases, its role is limited for tumor staging. On the
other hand, PET/MRI is a promising method which may
be beneficial for tumor staging, especially due to the
higher soft tissue contrast and the absence of ionizing
radiation exposure (14,15). Most studies of patients with
advanced ovarian cancer and concomitant rectal invasion
treated by radical surgery with MPPE refer to a median
overall survival of 27-50 months and a median DFS of
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18-50 months in RO cases (13,16,17). The conclusions of
our study with respect to DFS are in line with the above-
mentioned studies. The efficiency of MPPE is further sup-
ported by the localization of recurrence in dead and
relapsing patients, as an absolute majority of recurrent
tumors recorded in our study occurred outside the pelvic
region. Of 20 patients in our study, only three developed
a recurrence in the pelvis and in two of these patients R0
was not achieved at the end of surgery.

The radical nature of the surgery is associated with an
increased risk of complications, determined not only by
the actual extent of the surgery but also by the overall
vulnerability of the patients. This vulnerability is in turn
determined by the stage of the disease and is associated
with ascites and malnutrition. For the success and accep-
tance of a given approach, specific surgical patient selec-
tion criteria must be fulfilled (18). When selecting
patients for radical surgery, physiological age and the
absence of severe co-morbidities appear to be more
important than chronological age (19). A second key
selection criterion is represented by the quality of preop-
erative imaging methods and/or initial diagnostic laparo-
scopy using the scoring systems for identification
contraindications for extensive surgery (20). To further
decrease the risk of complications, the surgical procedures
should always be carried out in a tertiary referral center
by an experienced oncogynecologist in cooperation with a
general surgeon (21,22).

Intraoperative and early postoperative complications
most frequently encountered in our study included hem-
orrhage >1500 mL and subsequent anemia; these were
gradually reduced as the entire interdisciplinary team pro-
gressed along the learning curve. In our experience, the
riskiest phase from the perspective of hemorrhage is the
retroperitoneal dissection in the sacral region with fragile
varicose plexuses. The long operating time and extensive
blood loss increase the risk of wound infection, which
may adversely affect anastomosis site healing. The correct
indication for setting up anastomosis and its localization
in relation to the anocutaneous line are extremely impor-
tant for the prevention of anastomotic leakage. An unac-
ceptable level of risk is observed when the colorectal
anastomosis is set up at or under 5 cm from the anal
verge. In these cases, a definitive colostomy should be
recommended (23).

According to some studies, malnutrition associated
with a lower serum albumin level (<30 g/L) constitutes a
statistically significant factor for anastomotic leakage (24).
However, no such statistically significant association was
established in our study. Finally, it must be stated that
anastomotic leakage presented the most severe early post-
operative complication influencing hospital stay duration
and delaying the initiation of adjuvant chemotherapy.

Pelvic exenteration in ovarian cancer

Although the number of encountered complications
appears to be somewhat higher than in other studies
(16,17), these studies only considered severe complica-
tions, whereas our study also takes into account less sev-
ere complications (grade I-II), which accounted for over
70% of the total. Wound infections are relatively com-
mon in exenteration procedures, as disseminated cancer
is strongly associated with surgical site infections (25).
Moreover, associated risk includes other early complica-
tions such as subacute bowel obstruction and wound
dehiscence as well as an increased risk of late complica-
tions in terms of incisional hernia and bowel obstruction
related to adhesions. As the prolonged antibiotic therapy
of inflammatory complications is associated with the risk
of development of Clostridium colitis, antibiotic therapy
should be accompanied by routine medication with
probiotics (26).

In our cohort, late postoperative complications affected
25% of all patients, with incisional hernia, bowel obstruc-
tion and C. difficile infection occurring in individual
cases. The most common late complication was symp-
tomatic lymphocele, which accounted for over 66% of
late complications. The occurrence of lymphocele in our
cohort was always associated with systemic pelvic and
lumbo-aortic lymphadenectomy, which is in line with
current literature (18,27). The different approaches to the
prophylaxis of lymphoceles (careful hemostasis and lym-
phostasis using coagulation and clips, application of
hemostatic preparations, opened peritoneum after lym-
phadenectomy) have so far exhibited inconclusive out-
comes (27-29). Although the observational approach is
applicable in cases of asymptomatic lymphocele, the
mini-invasive approach is preferred when intervention is
necessary (drainage under sonographic or CT guidance)
(30).

MPPE does not influence the initiation of adjuvant
chemotherapy to any great extent, although in individual
cases of serious early complications (mainly anastomotic
leakage) requiring re-laparotomy, a prolonged hospital
stay as well as delayed start of additional treatment may
be necessary. However, successful radical surgery still
remains a crucial prognostic factor. Such observations
correspond well with the conclusion of a recent study,
which reported that the early initiation of chemotherapy
might result in slightly improved survival in patients with
complete cytoreduction, whereas patients with R after
surgery did not benefit from earlier chemotherapy (31).
Another study revealed no significant difference in clinical
outcomes between high-grade serous ovarian cancer
patient groups with early and late start of chemotherapy
within six weeks after primary surgery (32). This confirms
the crucial role of optimal cytoreduction in the treatment
of advanced stages of ovarian cancer.
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Pelvic exenteration in ovarian cancer

In conclusion, MPPE is a highly effective method with
respect to achieving optimal debulking in cases with
advanced ovarian cancer with direct invasion of the rec-
tum. However, it is necessary to consider surgery-related
morbidity. MPPE represents an extremely invasive tech-
nique and surgical plans as well as perioperative care
should thus be personalized to address the individual
medical and surgical conditions of each patient.
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4.2. Sekundarni cytoreduk¢ni chirurgie karcinomu vaje¢niku

Pokroky v operaéni 1é¢bé a objeveni novych moznosti cilené 1é¢by v poslednich dvou
desetiletich zlepsSuji parametry pfeziti u karcinomu vajecniku, piesto vSak zlistava tento zhoubny
nador nejcastéjsi pri¢inou umrti na gynekologické zhoubné néadory. I pies inicidlni usp€snou
odpovéd’ na standardni 1éCebné schéma, které u pokrocilych stadii predstavuje v optimalnim
piipad¢ radikdlni operace s makroskopicky nulovym reziduem s néslednou adjuvantni
chemoterapii na bazi platinového preparatu, recidivuje az 80% lécenych Zen a pétileté preziti se
tyka 30% pacientek primarné pokro¢ilych stadii [80]. Moznost signifikantni pomoci pacientkam
platina-refrakternim (s progresi nemoci jiz v pribéhu adjuvantni 1é¢by) a platina-rezistentnim
(progredujicim v intervalu do 6 mésicli od ukonceni adjuvantni terapie) je omezena, jejich 1écba
byva zalozena na systémové chemoterapii bez uziti platinového preparatu, ev. v kombinaci
s cilenou 1écbou. Sekundéarni cytoredukéni operace v téchto piipadech zpravidla indikovana neni,
nebot’ jeji profit je nedostatecny vzhledem k ofekdvané délce Zivota a parametrim operacni
morbidity, ev. mortality. Lécebné¢ schéma pacientek s onemocnénim platina-senzitivnim
(s progresi nemoci po vice jak 6 mésicich od skonceni adjuvantni terapie) neni jednoznacné
definovéno. Za standard se povaZuje systémova lé€ba chemoterapii zaloZena opét na platinovém
preparatu, ev. opét v kombinaci s cilenou 1é¢bou [81].

V souvislosti s rozvojem modernich zobrazovacich metod a individualizaci 1éCebné strategie
jednotlivych pacientek je vSak intenzivné diskutovana a v praxi ovéfovana tloha sekundarni
operatni cytoredukce pravé v managementu platina-senzitivni recidivy ovarialnich nadord
[82-83]. Pii zvazovani operace v téchto piipadech musi byt respektovany nékteré zakladni
skute¢nosti, které¢ se staly podkladem pomocnych skérovacich systémit rozhodujicich
0 akceptovatelnosti operace. Pro klinickou aplikaci téchto systému je zasadni pfedoperacni
diagnostika, kterd musi respektovat ,,nepodkrocitelné predoperacni diagnostické minimum*
prezentované vySetfenim hrudniku, bficha a panve pocitaCovou tomografii. Novejsi piistupy
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sméfuji k vyuziti modernich zobrazovacich metod (PET/CT, PET/MR), i kdyz jejich ptidatny
benefit jest¢ neni spolehlivé definovan [84-86]. Moznost vyuziti diagnostické laparoskopie
na zaCatku opera¢niho vykonu k ovétfeni spravnosti indikace operacni cytoredukce muze
predstavovat urcitou pfidanou hodnotu, avSak vytéZznost tohoto postupu miize byt limitovana
adhezivnim procesem po primarni operaci [87,88]. Kromé& piedoperacni a peroperacni
diagnostiky, které nam poskytuji zakladni informace tykajici se poctu rekurentnich 1ézi a jejich
lokalizace, se v rozhodovacich schématech uplatiiuji dalsi faktory, napt. vék pacientek a doba
bez projevii nemoci po skoncéeni 1é¢by (platinum free interval, PFI) [89-91].

Cilem ptedoperacni a peroperacni diagnostiky je potvrzeni opravnénosti indikace operac¢niho
vstupu a selekce skupiny pacientek, u nichz je ptedpoklad dosazeni tzv. optimalni cytoredukce.
Makroskopicky nulové reziduum je v soucasnosti reflektovano jako zakladni prognosticky faktor
ovlivitujici parametry pieziti [92-94]. Stejné¢ adekvatni diraz je v souvislosti se sekundarni
cytoredukci kladen na zachovani kvality Zivota 1écenych pacientek. Centralizace péce o tyto
pacientky v onkogynekologickych centrech je nezbytnym piedpokladem pro tGspéch sekundarni
cytoredukce, ktery je v konecném vysledku charakterizovan zachovanim rovnovahy mezi
prodlouzenim pfeziti pacientek s rekurenci a minimalni opera¢ni morbiditou [95].

Tuto hypotézu potvrdil autor (jako korespondujici autor) vystupy nize ptilozené publikace, ktera
porovnava piiznivy efekt sekundarni cytoredukcéni chirurgie v kombinaci s chemoterapii
v komparaci s lécbou pouze chemoterapii na nékolika desitkach pacientek IéCenych

v Onkogynekologickém centru FN Brno (viz pFiloha 4.2.1.)
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ABSTRACT

Objective: This study aimed to evaluate the impact of the secondary cytoreductive surgery on survival
parameters in women with platinum-sensitive recurrent ovarian cancer who undergone secondary
cytoreduction following chemotherapy compared to women who recieved chemotherapy alone.
Study Design: In a retrospective study, data were rewieved from women who were diagnosed and treated
with ovarian cancer and its primary platinum-sensitive recurrence at the University Hospital Brno in the
Czech Republic between November 2009 and March 2016. Out of the total number of 62 patients with
recurrence, 30 women underwent cytoreductive surgery plus chemotherapy and 32 were treated with
chemotherapy alone. The good performance status expressed by ECOG score 0-1, the single site of
recurrence regardless of platinum-free interval or multiple sites of recurrence but no carcinomatosis and
platinum-free interval >12 months, and no or small-volume ascites (<500 ml) were considered inclusion
criteria for cytoreductive surgery. Women not meeting these criteria were treated by chemotherapy
alone. Descriptive statistics, Kaplan-Meier survival curves and Log-Rank test were used for statistical
estimations.
Results: The analysis confirmed more favorable prognosis in patient group treated with a combination
secondary cytoreduction and chemotherapy. Mean disease-free survival (DFS) was 49.8 months (95% CI;
33.2-66.3) and mean overall survival (0S) stood at 54.0 months (95% CI; 39.4-68.6) in this patient cohort,
while in patient group treated with chemotherapy alone it was found that mean DFS was 16.6 months
(95% CI; 7.4-25.8) and mean 0S stood at 26.2 months (95% CI; 16.6-35.8). When testing the difference
between survival curves, statistically significant differences were observed in both DFS (p = 0.010) and 0S
(p=0.007) rates between two treatment groups. Age < 60 years at the time of recurrence and zero
macroscapic residual disease after secondary cytoreduction were identified as favorable prognostic
factors for both DFS and OS in a multivariate analysis.
Conclusion: Secondary cytoreductive surgery is acceptable as a viable treatment option for highly selected
women with ovarian cancer recurrence. Complete resection is considered ultimate goal of secondary
cytoreduction on condition that the balance between maximal survival gain and minimal operative
morbidity will be kept.

© 2018 Elsevier B.V. All rights reserved.

Introduction

being diagnosed in the advanced stages of the disease [1]. Despite
the advancements in treatment and the initial successfull response

QOvarian cancer is the most common cause of death among
women with gynecological malignancies, with approximately 70%
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of most patients, 75-80% of women will recur and no more than
approximately 30% of patients diagnosed with stages I[I-1V achieve
five-year survival [2].

The standard treatment of women with recurrent ovarian
cancer remains poorly defined. At present, combination platinum-
based chemotherapy with or without target-based agents is
deemed the main approach in therapy for platinum-sensitive
recurrent ovarian cancer (ROC) [3]. However, surgical treatment
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may also have the irreplaceable role in the management of
recurrent ovarian cancer [4]. The adequate selection of women
with ROC for secondary cytoreductive surgery (SCS) is crucial due
to the primary goal of SCS aiming at achieving optimal
cytoreduction [5-7]. The prognostic importance of zero macro-
scopic residuum thus justifies extensive cytoreductive surgery,
which may be associated with serious complications [8].

Primary objective of the present study was to evaluate the
impact of the SCS on disease-free survival (DFS) and overall
survival (0S) in women with ROC undergoing secondary cytor-
eduction following chemotherapy (SCS +CT) compared to patients
receiving chemotherapy (CT) alone. Furthermore, we investigated
the impact of other prognostic factors on the survival parameters
in relation to the first-line therapy and the recurrence of the
disease in both groups of women.

Materials and methods

In a retrospective study, data were rewieved from women who
were diagnosed and treated for ovarian cancer and its primary
platinum-sensitive recurrence at the Department of Gynecology
and Obsterics at the University Hospital Brno in the Czech Republic
between November 1, 2009 and March 1, 2016. The women
underwent radical surgical treatment as primary debulking
surgery (PDS) or interval debulking surgery (IDS) in combination
with chemotherapy based on platinum at the time of primary
diagnosis. The complete response after primary treatment
validated by imaging method findings and tumor marker serum
levels was achieved in all included cases. Out of the total number of
62 patients with ROC, 30 underwent secondary cytoreduction plus
chemotherapy and 32 were treated with chemotherapy alone.

Both groups showed an approximately equivalent proportion of
the parameters of the analyzed prognostic factors at the time of
first-line therapy - FIGO stages, timing of radical surgery (PDS or
IDS), performed lymphadenectomy, histologic type of tumor,
tumor grade and residual disease (R) after PDS or IDS. Complete-
ness of cytoreduction was analyzed using the Completeness of
Cytoreduction score according to Sugarbaker, with RO indicating
the presence of zero macroscopic residuum, R1 a residuum of less
than 0.25 cm, and R2 residuum of 0.25-2.5 cm [9].

Diagnosis of disease recurrence was based on an unambiguous
finding of the imaging methods supplemented by a clinical
examination and an evaluation of tumor marker serum level. A
great deal of attention was paid to the selection of patients suitable
for SCS. The patients underwent a complex examination using
imaging methods (incl. PET/CT) to estimate the exact extent of the
disease. The good performance status (Eastern Cooperative
Oncology Group - ECOG=0-1), the single site of recurrence
regardless of platinum-free interval (PFI) or multiple sites of
recurrence but no carcinomatosis and PFl > 12 months, and no or
small-volume ascites (<500 ml) were considered inclusion criteria
for SCS. Women with ROC not meeting these criteria were treated
by chemotherapy alone. Data regarding different characteristics at
the time of recurrence (PFI, CA125 serum level, number of
recurrent sites, sites of recurrence) and information regarding
completeness of secondary cytoreductive surgery in women of
SCS + CT group were extracted from medical records. The collected
data were used for statistical analysis of survival parameters
depending on the different prognostic factors. Disease free-
survival and overall survival were calculated from the time of
termination of chemotherapy for the first recurrence to the
appearance of a second relapse and to death or last follow-up,
respectively.

Data analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA). Categorial variables were reported as
number (percentage) and continuous variables were expressed as
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median (mean). Pearson y? test was used to evaluate inter-group
differences and p<0.05 was considered significant. Survival
curves were constructed using the Kaplan-Meier method and
the log-rank test.

The Ethical Committee of the University Hospital Brno, Czech
Republic approved the study (reference number 231,117). All
participants gave written informed consent at the time of first-line
therapy for the use of their anonymized data in future studies.

Results

Basic clinical characteristics and prognostic factors of the
cohorts of women at the time of first-line therapy are included in
Table 1. PDS was performed approximately in 70% of both women
groups. RO after PDS reached 66.7% (in SCS + CT group) and 63.6%
(in CT group), respectively. RO after IDS was achieved in all women
of both SCS + CT and CT groups. Basic characteristics and prognostic
factors at the time of recurrence and status at last follow-up are
showed in Table 2. We recorded longer PFI and lower CA125 serum
levels at the time of relaps in the group of women selected for
cytoreduction surgery. While in SCS+CT group were recorded
almost 75% of isolated recurrences, women treated with CT only
were affected by multiple recurrences in 93%. Pelvic recurrences
(56.7%) prevail in SCS + CT group, one women was affected by brain
metastasis. Multiple abdominal-pelvic recurrence (46.9%) fol-
lowed by multiple abdominal recurrence (37.5%) occured most
often in CT group. Secondary cytoreductive surgery was associated
with the achievement of zero macroscopic residual disease in 80%
of all SCS+CT cases.

Performed surgical procedures of SCS are detailed in Table 3.
The basic extent of surgery also included intestinal resection. This
was performed in 18 women (60.0%), with a stapler anastomosis

Table 1

Patients characteristics at the time of first-line therapy.
Characteristic SCS+CT cT
Patients, N 30 32

Age, median (range), years
FIGO stage, N (%)
1

615 (34.0-74.0) 58.0 (34.0-86.0)

5(16.7) 4(125)
1l 6(20.0) 3(9.3)
1 19 (63.3) 23 (71.9)
v 0 (0.0) 2(6.3)
Operation, N (%)
PDS 21(70.0) 22 (68.7)
Completeness of cytoreduction 14 14

RO 3 4

R1 4 4

R2 9 (30.0) 10 (31.3)

Operation, N (%) 9 10

IDS 0 0

Completeness of cytoreduction 0 0

RO

R1

R2
Lymphadenectomy, N (%)
Yes 21(70.0) 22 (68.7)
No 9 (30.0) 10 (31.3)
Histologic type, N (%)
Serous 24 (80.0) 22 (68.7)
Mucinous 1(3.3) 2 (6.3)
Endometrioid 2(6.7) 6(18.7)
Brenner 1(3.3) 0
Mixed 2 (6.7) 2(6.3)
Tumor grade, N (%)
Low grade 5(16.7) 4(12.5)
High grade 25(83.3) 28 (87.5)

FIGO, International Federation of Gynecology and Obstetrics; PDS, primary
debulking surgery; IDS, interval debulking surgery; R, residual disease; SCS,
secondary cytoreductive surgery; CT, chemotherapy.
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Table 2
Patients characteristics at the time of recurrence.
Characteristic SCS+CT cT
Patients, N 30 32
Age, median (range), years 64.0 (36.0-76.0) 60.0 (36.0-88.0)

PFl, mean (95% Cl), months
CA125, median (range), U/ml
Number of recurrent sites, N (%)

76.7 (51.2;102.2)
30.5 (7.0-154.0)

30.3 (23.4;373)
159.5 (6.0-6500.0)

Solitary 22(733) 2(63)
Multiple 8(26.7) 30(93.7)
Sites of recurrence, N (%)
Pelvic 17 (56.7) 2(6.3)
Abdominal 5(16.7) 12 (37.5)
Both 7(23.3) 15 (46.9)
Distant 1(3.3) 3(93)
Completeness of secondary

cytoreduction, N (%)
RO 24 (80.0) -
R1 4(13.3) -
R2 2(6.7) -
Status at last follow-up, N (%)
No evidence of disease 11(36.7) 2(6.3)
Alive with disease 5(16.7) 7(21.8)
Dead of disease 14 (46.6) 23 (719)

PFl, platinum-free interval; CA125, cancer antigen 125; R, residual disease; SCS,
secondary cytoreductive surgery; CT, chemotherapy.

in the case of 16 women. Two patients underwent permanent
colostomy due to low rectosigmoid resection. One woman with
isolated brain metastasis was subjected to successfull neurosur-
gical intervention. In addition, information related to the
intraoperative and postoperative complications (Grade I-1V)
based on the Clavien-Dindo classification were collected [10].
Intraoperative complications occurred in three women. Specifi-
cally, one woman had hemorrhage (>1500 ml) and required blood
transfusions during surgery (Grade Il complication). Grade Il
complications requiring prompt additional surgery appeared in
two women with large adhesions after primary surgery: lesions of
small bowel and bladder were treated with immediate suture, A
total of nine early postoperative complications were recorded in
the cohort. Dominant early complication was worsening anemia
with hemoglobin < 8g/dl (Grade II), which occurred in four
women who thus required blood transfusions during hospitali-
zation. Prolonged pyrexia (>38 °C) requiring antibiotic treatment
affected two patients and the same number of patients suffered
from subacute bowel obstruction (both Grade II). Furthermore,
one case of moderate pleural effusion was solved by noninvasive
mechanical ventilation and physiotherapy (Grade I). However, no
case of late postoperative complication as well as no case of
mortality was observed.

Table 3

Surgical procedures of secondary cytoreductive surgery.
Surgical procedure® N (%)
Excision of pelvic masses 20 (66.6)
Excision of abdominal masses 3 (10.0)
Large bowel resection 14 (46.6)
Small bowel resection 2(6.7)
Colostomy 2(6.7)
Peritonectomy 15 (50.0)
Colpectomy 1(3.3)
Inguinal lymph node dissection 3(10.0)
Retroperitoneal lymph node dissection 3(10.0)
Abdominal anterior wall excision 1(3.3)
Bladder partial resection 1(3.3)
Cholecystectomy 1(33)
Resection of liver 2(6.7)
Resection of brain metastases 1(3.3)

2 More than one procedure could be peformed in the same patient.
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All women included in the analysis were followed after the
termination of treatment of recurrence until March 2018 or death.
In the SCS + CT group, 11 (36.7%) women were alive without disease
and 14 (46.6%) died, whereas in group of women treated by CT only,
two (6.3%) were alive without disease and 23 (71.9%) died. In the
SCS +CT group, five (16.7%) women and seven (21.8%) women in
group treated by CT only were alive with disseminated recurrence
(Table 2). The analysis of survival parameters confirmed more
favorable prognosis in SCS + CT group. Mean DFS was 49.8 months
(95% CI; 33.2-66.3) and mean OS stood at 54.0 months (95% CI;
39.4-68.6) in the SCS + CT group, respectively, whereas in CT group
we found mean DFS 16.6 months (95% CI; 7.4-25.8) and mean OS
26.2 months (95% CI; 16.6-35.8), respectively. When testing the
difference between survival curves using the log-rank test,
statistically significant differences were observed in both DFS
(p=0.010) and OS (p=0.007) rates between these two treatment
groups (Figs. 1 and 2).

The impact of different prognostic factors on DFS and OS in the
cohorts of women treated with SCS + CT and CT only was evaluated
in the next part of the statistical analysis. In CT group, age > 60
years and CA125 > 35 U/ml at the time of recurrence and PFI < 12
months were poor prognostic factors for DFS in a multivariate
analysis (Table 4). In an univariate analysis in CT group was PFI < 12
months poor prognostic factor for 0S. In a multivariate analysis, we
identified three poor prognostic factors (age > 60 years and
CA125> 35 U/ml at the time of recurrence, PFI < 12 months) for 0S
(Table 5). In SCS +CT group, interval debulking surgery was poor
prognostic factor for DFS in the univariate analysis, whereas the
absence of macroscopic zero residual disease after SCS and age >
60 years at the time of recurrence were detected as poor prognostic
factors for DFS in a multivariate analysis (Table 6). In the group
with SCS we identified zero macroscopis residual disease after SCS
and age < 60 years at the time of recurrence as favorable prognostic
factors for OS in a multivariate analysis (Table 7).

Comment

In the presented retrospective study we analyzed 62 women
with platinum-sensitive recurrent

ovarian cancer. While respecting inclusion criteria for second-
ary cytoreductive surgery, we have demonstrated a significant
improvement in both DFS and OS in SCS + CT group compared to CT
group. Furthermore, in SCS + CT group, age < 60 years at the time of
recurrence and zero macroscopic residual disease after SCS were
identified as favorable prognostic factors for both DFS and OS in a
multivariate analysis. In CT group, three prognostic factors (age >
60 years and CA125 > 35 U/ml at the time of recurrence, PFI < 12
months) were assessed as poor for both DFS and OS in a
multivariate analysis.

Complete resection at SCS is an essential prognostic factor in
women with platinum-sensitive ROC. There are the reports
regarding predictive factors of complete cytoreduction in this
cohort of women, some of them were externally validated. Chi et al.
reported a complete resection rate of 41% at SCS in a retrospective
study of 153 women, who undergone SCS. Based on their analysis,
SCS was recommended for women with a single-site of recurrence,
regardless of disease-free interval (DFI); women with multiple
sites of recurrence but no carcinomatosis and DFI > 12 months; and
women with carcinomatosis but DFI > 30 months [11]. Based on
the AGO-OVAR DESKTOP Trial, the Arbeitsgemeinschaft Gynae-
kologische Onkologie (AGO) score was introduced as another
model for selection of patients with platinum-sensitive ROC for
SCS [12]. Many studies have validated the positive predictive value
of this model with high rate of complete resection, ranging 76.1%-
89.2% [13-16], while also reporting high false-negative rates,
ranging 65.4%-68.1% [15,16]. Tian et al. suggested model, which
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Fig. 1. Comparison of disease-free survival between SC5+CT and CT groups.
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Fig. 2. Comparison of overall survival between SCS +CT and CT groups.

includes six variables (FIGO stage, residual disease after primary
cytoreduction, ECOG performance status, DFI, CA125 serum level
and the presence of ascites at recurrence) entered into the risk
model. The proportion of macroscopically complete SCS was 53.4%
in the low-risk group compared with 20.1% in the high-risk group.
On contrary, this model showed also reports of high false-negative
rate [17]. Newer models (SeC-Score, the Minaguchi criteria) have
not been externally validated yet. Moreover, the Sec-Score requires
HE4 serum level, which is not universally available in this
population [18,19].
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For population of our study, AGO criteria (ECOG = 0, no residual
tumor after primary surgery, and no or small volume ascites
<500 ml) were too strict, and their application would exclude 53%
of cases from SCS+CT group. Therefore we created a set of
modified criteria adjusted to our population of patients with
platinum-sensitive ROC. Successful SCS associated with achieve-
ment of zero macroscopic residual tumor was performed in 80.0%
(24/30) of patients whose median survival after surgery was 52.0
months compared to 14.0 months for women who received
chemotherapy alone (p =0.007). However, the decision of whether
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Table 4
Univariate and multivariate analysis of DFS (CT patient cohort).
Univariate analysis p Multivariate analysis p
HR (95% CI) HR (95% CI)
Status of first-line therapy
FIGO stage 2.48 (0.83-744) 0.105 2.06 (0.42-10.09) 0.373
[+ vs Il +1V
Operation 2.22 (0.95-5.18) 0.065 2.13 (0.69-6.62) 0.190
PDS vs NACT +IDS
Lymphadenectomy 1.15 (0.48-2.72) 0.756 1.31 (0.44-3.95) 0.626
No vs yes
Histology 0.81 (0.33-1.97) 0.640 1.98 (0.67-5.80) 0.215
Serous high grade vs others
Residual disease 1.17 (0.46-2.99) 0.739 1.08 (0.30-3.93) 0.907
RO vs R1+R2
Status of recurrence
Age at recurrence 1.21 (0.53-2.77) 0.653 4,18 (1.20-14.54) 0.024°
< 60 vs > 60
PFT (months) 0.36 (0.12-1.06) 0.063 0.19 (0.04-0.85) 0.031°
<12vs> 12
CA125 (U/ml) 3.07 (0.91-10.40) 0.071 4.70 (1.08-20.41) 0.039"
< 35vs>35

FIGO, International Federation of Gynecology and Obstetrics; PDS, primary debulking surgery; NACT, neoadjuvant chemotherapy; IDS, interval debulking surgery; PFI,
platinum-free interval; CA125, cancer antigen 125; HR, hazard ratio; Cl, confidential interval.

@ Statistically significant.

Table 5
Univariate and multivariate analysis of OS (CT patient cohort).
Univariate analysis p Multivariate analysis p
HR (95% CI) HR (95% CI)

Status of first-line therapy

FIGO stage 2.05 (0.68-6.24) 0.204 1.24 (0.26-5.98) 0.788
[+ vs [T +1V

Operation 2.05 (0.86-4.93) 0.107 2.60 (0.73-9.21) 0.140
PDS vs NACT + DS

Lymphadenectomy 1.05 (0.44-2.50) 0.906 1.06 (0.30-3.73) 0.931
No vs yes

Histology 0.78 (0.32-1.91) 0.585 1.49 (0.50-4.43) 0475
Serous high grade vs others

Residual disease 0.95 (0.37-2.42) 0.906 0.92 (0.26-3.19) 0.891
RO vs R1+R2

Status of recurrence

Age at recurrence 1.15 (0.50-2.63) 0.747 6.71 (1.78-25.35) 0.005"
<60vs>60

PFI (months) 0.32 (0.11-0.96) 0.042° 0.11 (0.02-0.52) 0.005"
< 12vs > 12

CA125 (U/ml) 2.99 (0.88-10.21) 0.080 5.65 (1.23-25.93) 0.026"
< 35vs>35

FIGO, International Federation of Gynecology and Obstetrics; PDS, primary debulking surgery; NACT, neoadjuvant chemotherapy; IDS, interval debulking surgery; PFI,
platinum-free interval; CA125, cancer antigen 125; HR, hazard ratio; Cl, confidential interval.

@ Statistically significant.

to perform SCS in platinum-sensitive ROC or to implement
chemotherapy alone depends not only on the lenght of patient's
survival but also on the quality of their life. It is important,
potential survival gain with SCS should not be accompanied by a
significant deterioration of the quality of life [20].

Second noteworthy issue is the impact of the earliest detection
of asymptomatic relapse. This approach was associated with high
likehood of optimal SCS and extended OS in platinum-sensitive
ROC operative candidates with isolated and localized disease
[21,22]. There is a report that each week of delay after the first
CA125 elevation correlates with a 3% increased chance of
suboptimal debulking at SCS [23]. This fact supports the
importance of regular surveillance with the evaluation of
biochemical marker serum levels and using modern imaging
methods (incl. PET/CT or PET/MRI) in exact detection of recurrence
[24-27]. Nevertheless, this issue has to be further properly
prospectively explored.
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In conclusion, there remains an urgent unmet need for effective
therapy of women with platinum-sentisitive ROC after primary
therapy. The results of our study contribute to the growing body of
evidence of the benefit of SCS in this cohort. Secondary
cytoreduction is accepted as a viable treatment option for selected
patients providing that basic criteria are met. Precise preoperative
staging designed to establish the limits of secondary surgical
procedures plays an important role in determining the indication
for surgical treatment. Either PET/CT or PET/MRI should be a part of
standard noninvasive preoperative selection. At present, the
strongest prognostic factor for women with ROC, who undergone
SCS, represents the achivement of zero macroscopic residual
disease. The complete resection is also the ultimate goal of SCS.
This condition should be associated with the preservation of the
quality of life. Therefore, it is necessary to keep the balance
between maximal survival gain and minimal operative morbidity.
The centralization of this complex surgery in tertiary referral
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Table 6
Univariate and multivariate analysis of DFS (SCS + CT patient cohort).
Univariate analysis p Multivariate analysis p
HR (95% CI) HR (95% CI)

Status of first-line therapy

FIGO stage 1.07 (0.36-3.19) 0.906 1.80 (0.30-10.95) 0523
[+l vs T +IV

Operation 3.52(1.19-10.37) 0.023° 4.86 (0.55-43.14) 0.156
PDS vs NACT +1DS

Lymphadenectomy 3.33(0.74-14.93) 0117 7.45 (0.54-102.77) 0.134
No vs yes

Histology 0.57 (0.13-2.54) 0.460 4.98 (0.62-39.95) 0.131
Serous high grade vs others

Residual disease 0.23 (0.03-1.75) 0.155 0.42 (0.02-10.09) 0.590
RO vs R1+R2

Status of recurrence

Age at recurrence 2.81(0.78-10.11) 0.113 12.10 (1.60-91.64) 0.016"
< 60 vs > 60

PF[_(munthS) 0.64 (0.21-1.92) 0.425 2.95 (0.22-38.98) 0410
<12vs>12

CAl25 (U/ml) 0.85 (0.30-2.44) 0.768 0.62 (0.15-2.50) 0.500
<35vs>35

Residual disease (SCS) 242 (0.74-797) 0.146 16.18 (1.98-132.22) 0.009°
RO vs R1+R2

FIGO, International Federation of Gynecology and Obstetrics; PDS, primary debulking surgery; NACT, neoadjuvant chemotherapy; IDS, interval debulking surgery; PFI,
platinum-free interval; CA125, cancer antigen 125; HR, hazard ratio; CI, confidential interval.

2 Statistically significant.

Table 7
Univariate and multivariate analysis of OS (SCS+ CT patient cohort).
Univariate analysis p Multivariate analysis p
HR (95% CI) HR (95% (1)

Status of first-line therapy

FIGO stage 1.04 (0.35-3.11) 0.944 2.92 (0.50-17.20) 0.237
[+ vs HI+1IV

Operation 2.37(0.83-6.79) 0.108 1.70 (0.13-21.94) 0.684
PDS vs NACT + DS

Lymphadenectomy 369 (0.82-16.58) 0.089 35.86 (1.30-986.07) 0.034°
No vs yes

Histology 0.56 (0.12-2.53) 0.453 8.32 (0.71-97.85) 0.092
Serous high grade vs others

Residual disease 0.22 (0.03-1.69) 0.146 0.79 (0.03-22.81) 0.893
RO vs R1+R2

Status of recurrence

Age at recurrence 3.10(0.86-11.22) 0.084 41.47 (2.65-648.19) 0.008"
< 60 vs > 60

PFT (months) 0.77 (0.26-2.32) 0.647 3.89 (0.21-71.36) 0.361
<12vs>12

CA125 (U/ml) 0.99 (0.35-2.83) 0.987 1.14 (0.28-4.66) 0.856
<35vs>35

Residual disease (SCS) 2.03 (0.63-6.53) 0.233 45,11 (2.49-815.78) 0.010°
RO vs R1+R2

FIGO, International Federation of Gynecology and Obstetrics; PDS, primary debulking surgery; NACT, neoadjuvant chemotherapy; IDS, interval debulking surgery; PFI,
platinum-free interval; CA125, cancer antigen 125; HR, hazard ratio; CI, confidential interval.

4 Statistically significant.

centers with highly specialized teams plays a crucial role in the
succesfull surgical management of women with platinum-sensi-
tive ROC.
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4.3. Chirurgicky staging a jeho vyznam pro redukci rizika lokalni rekurence primarniho

Kkarcinomu zevnich rodidel

Karcinom zevnich rodidel sice piedstavuje méné¢ Casto se vyskytujici gynekologicky nador,
na druhé strané¢ vsak predpokladany trend dalSiho vyvoje incidence tohoto nadoru signalizuje
vzestupnou tendenci ve vyspélych &astech svéta, tedy i v ramci Ceské republiky [2]. Jedna se
0 zhoubny nador typicky vysSiho véku s pomérné snadnou a vcasnou diagnostikou
za predpokladu participace 1 vysSich vékovych kategorii zenské populace na pravidelnych
preventivnich prohlidkdch. Tento pfistup umoziiuje zachyt nadorového onemocnéni
Vv nejcasnéjSich stadiich nemoci se soucasnou redukci vlastniho rozsahu operaéniho vykonu jak
lokalné, tak ve svodné lymfatické oblasti.

Ve svodné lymfatické oblasti je mozné aplikovat koncept biopsie sentinelové uzliny
S pozitivnimi dopady na morbiditu 1é¢enych Zen [96-98]. Samostanou pozornost si zaslouzi
problematika rozsahu lokédlniho vykonu na zevnich rodidlech, kterd prosla urcitym historickym
vyvojem. Na pocatku operacni 1écby, kterd je hlavni terapeutickou modalitou prifezoveé vSemi
stadii nemoci (dominantné samoziejmé ¢asnymi), byly mutilujici vykony typu en bloc radikalni
vulvektomie s bilateralni tfiselnou lymfadenektomii a ¢asto i panevni lymfadenektomii. Jednalo
se o vykony znacné radikdlni, které byly spojené nejen s vysokou morbiditou (az 80%), ale
rovnéz i suréitou mortalitou [99]. Dulezitou modifikaci bylo vyuziti samostatnych incizi
pro provedeni lymfadenektomie v obou tiislech, coz pfispélo ke snizeni morbidity [100]. Trend
poslednich dvaceti let je spojen s dal§i vyznamnou zménou v rozsahu lokalniho vykonu na vulvé,
a sice s pfechodem od totalni vulvektomie k hemivulvektomii a Sirokym excizim v ptipadé
unilaterdlnich nélezi za ptredpokladu soucasné absence dystrofickych zmén v dalSich partiich
zevnich rodidel. Smyslem bylo redukovat zna¢nou morbiditu a dosahnout lepSich anatomickych

vysledktl spojenych rovnéz s vyznamné pozitivnim psychosexualnim dopadem [101,102].
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Soucasny trend rozsahu lokalni operani 1écby karcinomu zevnich rodidel je zaloZzen
na individualizaci pfistupu, tj. stanoveni optimélniho rozsahu a radikality operace u kazdé
pacientky na zdklad¢ zhodnoceni souboru prognostickych faktorti. Hlavni parametry ovliviujici
lokalni rozsah opera¢niho vykonu u unifokdlnich tumord ptedstavuji velikost nddoru, jeho
lokalizace na zevnich rodidlech (prognosticky neptizniva je lokalizace medidlni) a vzdalenost
nadoru od ostatnich organd, tj. zevniho usti mocové trubice, pochvy a kone¢niku [103-105].

Hlavnim cilem je dosazeni kompletni exstirpace nadoru s dostatecnym lemem nadorem
nepostizené tkané. Autor se ve své klinické praxi a pii nasledném statistickém vyhodnoceni
ziskanych vysledkli zaméfil pravé na analyzu rozsahu volného resekéniho okraje, ktery je
hlavnim prognostickym faktorem lokalni recidivy nadoru ovlivnitelnym onkogynekologickym
operatérem. Klicovy diiraz je pfitom kladen na co moznd nejdokonalej$i znalost lokalniho
rozsahu nadoru pted opera¢nim vykonem, coz umozni aplikaci adekvatné radikéalniho opera¢niho
pristupu. Ten je zasadnim ptedpokladem pro redukci overtreatmentu bez zhorSeni prognodzy
pii soucasném zachovani dostatecné kvality Zivota 1é¢enych Zen [53]. Onkologicka bezpecnost
by méla byt respektovana i v méné Casto se vyskytujicich ptipadech lokéalné pokrocilych nadort
se Sifenim na okolni organy a v piipad¢ tolerance radikalniho vykonu pacientkou by samotna
velikost nadoru neméla byt divodem neprovedeni operace. Tento typ vykonu jiz samoziejmé
vyzaduje funkéni interdisciplinarni spolupraci dalSich opera¢nich oborti pro zajisténi
onkologicky bezpecné resekce okolnich organti a rekonstrukci rozsahlych tkanovych defekti
[106,107]. Publikace vénujici se této problematice na podkladé analyzy nékolika desitek

pacientek 1écenych v Onkogynekologickém centru FN Brno je uvedena v priloze 4.3.1.
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ABSTRACT

Objectives: To evaluate risk factors associated with the local recurrence of invasive squamous cell vulvar cancer in patient
group with tumor-free pathological margins.

Material and methods: This is a retrospective analysis of 47 patients who underwent surgical treatment at University
Hospital Brno, the Czech Republic between 2007 and 2014. 24 patients were classified as IB stage and three as Il stage.
A further 20 patients representing stage lll showed the metastatic involvement of regional lymph nodes. Seven prognostic
factors were analyzed in relation to local tumour recurrence: tumour size, margin distance, depth of invasion, lymphovascular
space involvement (LVSI), midline involvement, metastatic lymph nodes and FIGO stage.

Results: All prognostic factors were found to be statistically significant with respect to the risk of local recurrence. The
highest risk of local recurrence was observed for the depth of invasion > 5 mm (HR, 12.42 [95% Cl; 3.44-44.84]) and for the
presence of LVSI (HR, 10.83 [95% Cl; 3.87-30.28]). The study also established a clear difference in the risk of local recurrence
between patient groups with resection margin < 8 vs. = 8 mm (HR, 4.91 [95% Cl; 1.73-13.93; p = 0.003].

Conclusions: Tumour-free pathological margin of = 8 mm is a major prognostic factor of local recurrence which can be
influenced by the surgeon. A perfect knowledge of the extent of the disease prior to surgery supports adequately radical
surgical trends. The emphasis is given on adequate radicality as well as on the reduction of overtreatment without worse-
ning prognosis by simultaneously preserving the quality of life.

Key words: squamous cell vulvar cancer, surgical treatment, tumour-free pathological margins, local recurrence
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INTRODUCTION

Vulvar squamous cell carcinoma (VSCC) is a less frequen-
tly occurring tumour among predominantly older women. It
accounts for 3-5% of all gynaecological malignancies, but its
incidence has been steadily increasing over the past twenty
years. Median age at vulvar cancer diagnosis is 68 years and
the median age at death is 79 years [1]. Surgical treatment is
a preferred treatment approach not only in the early stages
but also in most locally advanced cases and recurrences [2,
3]. Surgical treatment strategies for the vulva and adjacent
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Lubos Minar, MD, PhD

lymph nodes has changed considerably over the past two
decades. Novel surgical approaches are primarily focused on
the early stages of disease with a preference for broad local
excision combined with sentinel node biopsy. Locally ad-
vanced findings are, from this perspective, more challenging
and treatment results less satisfactory. The surgical strategy
in these cases generally includes vulvectomy with syste-
matic bilateral inguinofemoral lymphadenectomy [3, 4]. In
the case of extensive defects which cannot be solved by
a simple suture, reconstruction surgery performed by a re-
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constructive surgeon may be imperative [5, 6]. An alternative
to this approach is the use of the concept of neoadjuvant
chemotherapy with or without concomitant radiotherapy
in patients with severe internal comorbidities [7, 8].

Approximately one-third of patients experience a recur-
rence of the disease, predominantly in the first two years
following the end of primary therapy [9, 10]. A majority of re-
currences represent isolated local vulvar recurrences which
may be curatively resolved by radical wide local excision [11,
12]. However, the regional recurrence of the disease in the
groin is difficult to treat and is largely associated with poor
prognosis [13, 14]. The management of retroperitoneal and
remote disease recurrence is based on symptom control,
as radiotherapy and chemotherapy exhibit limited success
rates [15].

Objectives
The aim of this retrospective study is to analyze risk
factors associated with local recurrence in a group of VSCC
patients classified as stages IB-1lIC according to the Inter-
national Federation of Gynecology and Obstetrics (FIGO),
provided there are tumour-free pathological margins at
first-line surgical therapy.

MATERIAL AND METHODS

This retrospective study includes 47 patients with inva-
sive VSCC classified as FIGO stages IB-1IC who underwent
primary surgery with tumour-free pathological margins be-
tween January 2007 and December 2014 at the Department
of Gynecology and Obstetrics of the University Hospital Brno
(Brno, Czech Repubilic). Patients with microinvasive carcino-
ma (FIGO stage IA) with the negative resection margins have
an excellent prognosis, therefore we did notinclude them in
the study. Based on biopsy results and local clinical findings,
suitable imaging methods were employed before surgery in
order to determine the expected stage of the disease and to
exclude distant metastases. An ultrasound examination was
generally used to evaluate possible malignant inguinofe-
moral lymphadenopathy while computer tomography was
predominantly used to exclude pelvic lymphadenopathy
and tumour dissemination above the pelvis. Scintigraphy
was performed to exclude bone metastases and a PET/CT
scan was employed when planning a large-scale excision
with reconstruction. Only patients who were expected to
complete primary staging surgery, i.e. patients without fixed
inguinofemoral lymphadenopathy and with no suspicion of
distant metastases, were included in the evaluation.

In all patients, the surgical procedure consisted of exci-
sion surgery on the vulva in combination with a surgical
verification of regional lymph node status. Vulvar surgery
was defined as a radical excision or vulvectomy, depending
on the size of the tumoor and the coexistence of dystrophic

and premalignant changes. Regional inguinofemoral lym-
phadenectomy was performed as unilateral or bilateral.
In lateral tumours, only ipsilateral lymphadenectomy was
performed. A unilateral tumour was defined as a lesion
which does not cross the midline, with the medial margin
of the tumour more than 10 mm from the midline struc-
tures. The utilized lymphadenectomy technique included
systematic performance or sentinel node biopsy (SNB). SNB
was performed in tumours smaller than 4 cm in case of
negative clinical and ultrasound findings in the inguinofe-
moral lymphatic region; in case sentinel node was found
to be positive, bilateral systemic lymphadenectomy was
performed. Adjuvant radiotherapy for the vulva region was
reported by patients with a resection margin of < 8 mm,
a depth of invasion > 5 mm, a presence of lymphovascular
space involvement (LVSI) and with locally advanced tumours
infiltrating of surrounding organs. Adjuvant radiotherapy
of the lumbar region (inguinofemoral and pelvic) was in-
dicated in case more than one regional node was involved
or extracapsular spread was presented (irrespective of the
number of affected nodes).

Information on age was reported by each patient while
histotype and tumour grade were determined on the basis of
the performed operation. Additionally collected information
included tumour size, margin distance, depth of invasion,
LVSI, midline involvement and metastatic inguinofemoral
lymph nodes. The staging of the disease according to FIGO
was determined, and risk factors for recurrence, disease-free
survival (DFS), overall survival (OS) and mortality index due
to disease progression were analyzed. All enrolled patients
met the regular follow-up (range, 4-105 months) criterion.

Statistical analysis

Categorial variables were reported as absolute numbers
and percentages and continuous variables as means + SD
or median (range) respectively. Associations between pro-
gnostic factors and recurrence were tested using the Spe-
arman correlation coefficient and the chi-squared test. The
Cox proportional hazard ratio was assessed to estimate risk
factors for recurrences. Differences in the distributions of
patient characteristics were analyzed using the t-test and
the Mann-Whitney test. DFS and OS were analyzed using the
Kaplan-Meier test. Differences associated with p < 0.05 were
considered significant. All analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA) and graphics
were constructed using R version 3.2.1 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS
The analysis included a total of 47 patients with invasive
VSCC.The youngest patient was 44, the oldest was 85 years
old. All tumoursincluded in the analysis were unifocal. When
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evaluating the local tumour range on the vulva, the most
common was T1b, encountered in 38 patients (80.8%), fol-
lowed by T2 in the remaining 9 patients (19.2%) where local
infiltration spread from the vulva to the adjacent organs (the
distal third of the urethra and vagina). A large tumour of at
least 40 mm in the largest dimension occurred in 42.5% of
all patients. The appropriate margins = 8 mm, recommen-
ded by most existing studies, were achieved in 22 patients
(46.8%), close margins (< 8 mm) were observed in 25 pa-
tients (53.2%), ranging from 0.15 to 7.0 mm. The depth of
invasion > 5 mm occurred in 22 patients (46.8%) with a pre-
dominance of larger tumours and a mean of 51 mm (range,
12-120 mm). LVSI was present in 25.5% of patients and was
always associated with the presence of malignant inguino-
femoral lymphadenopathy with an average of 4.0 meta-
static nodes (range: 1-10 metastatic nodes). The tumours
were predominantly involved in the midline area (76.6%),
while the most frequently occurring grade was moderately
differentiated. A progression to regional lymph nodes was

Table 1. Patient and tumor characteristics

Age (years)
Median (range) 70.0 (44.0-85.0)
Tumor size (mm)
Median (range) 35.0(6.0-120.0)
<40 mm 27 574
240 mm 20 426
Margin distance (mm)
Median (range) 7.0 (0.15-20.0)
<8mm 25 53.2
28 mm 22 46.8
Depth of invasion (mm)
Median (range) 5.0 (0.5-12.0)
<5mm 25 53.2
>5mm 22 46.8
Lvsi*
Yes 12 255
No 35 745
Involvement of midline
Involved 36 76.6
Not involved 1 234
Grade
Grade 1 7 149
Grade 2 31 66.0
Grade 3 9 19.1
Metastatic lymph nodes
No metastases 27 574
Ipsilateral 14 298
Bilateral 6 128
FIGO® stage
| 24 511
Il 3 6.3
1] 20 426

3LVSI — Lymphovascular Space Invasion; °FIGO — International Federation of
Gynecology and Obstetrics

established in 20 patients (42.5%), with six patients pre-
sented with bilateral involvement. These 20 patients were
classified as stage Ill according to FIGO (five patients each
as stages llIA and llIB, 10 as stage IlIC). Stage IB, observed in
24 patients, was most common (Table 1).

Table 2 provides an overview of the performed surgical
procedures. A total of 15 patients (31.9%) were subjected
to primary surgery with no need for adjuvant therapy, with
a predominance of radical excision, performed in the case
of 9 patients (60.0%) in this subgroup. This subgroup featu-
red an almost identical proportion of ipsilateral and bilateral
lymphadenectomy. A total of 32 patients (68.1%) underwent
combined vulvar and regional node surgery followed by ad-
juvant radiotherapy. This subgroup most frequently inclu-
ded patients subjected to a combination of vulvectomy with
lymphadenectomy (25 patients), the lymphadenectomy was
performed as unilateral in only one case. In eight patients, sup-
plementary reconstruction surgery of the vulva with bilateral
use of the skin lobes was necessary for overlap of the defect.
All 32 patients underwent adjuvant radiotherapy in the area
of the vulva; nodal radiotherapy was performed in 20 patients.

During the follow-up period, 21 recurrences (44.7%) were
observed, with the disease recurring in 76.2% of patients du-
ring the first two years after primary therapy. Table 3 provides
an overview of the anatomical localization of recurrences,
depending on analyzed prognostic factors. In 13 patients, the
recurrence was observed in the vulvar region; the median re-
currence period was 16 months (range, 6-82 months). Of the
patients with local recurrence, 53.8% were primarily enrol-
led at advanced stage Il with the metastatic involvement
of regional lymph nodes. Three cases of regional relapse
in the groin were preceded by systematic inguinofemoral
lymphadenectomy, and only one patient of them had a ne-
gative surgical staging of the lymph nodes during primary

Table 2. Treatment characteristics

Surgical treatment only 15 31.9
Radical excision with lymphadectomy
ipsilateral 7 149
bilateral 2 43
Vulvectomy with lymphadenectomy
ipsilateral 1 2.1
bilateral 5 10.6
Surgical treatment with radiotherapy 32 68.1
Radical excision with
e : o
bilateral A
Vulvectomy with lymphadenectomy
ipsilateral 1 21
bilateral 24 51.1
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Table 3. Risk factors for vulvar cancer recurrence

Tumor size

<40 mm 7/27(25.9)

>40 mm 6/20(30.0)
Margin distance

<8mm 9/25 (36.0)

=8mm 4/22(18.2)
Depth of invasion

<5mm 4/25(16.0)

>5mm 9/22 (40.9)
Lvsi2

Yes 5/12(41.7)

No 8/35 (22.9)
Involvement of midline

Involved 13/36 (36.1)

Not involved 0/11 (0.0)
Metastatic lymph nodes

No metastases 6/27 (22.2)

Metastases 7/20(35.0)
FIGO® stage

I+ 6/27 (22.2)

] 7/20 (35.0)

1/27 (3.7) 1/27 (3.7)
2/20 (10.0) 4/20 (20.0)
2/25 (8.0) 5/25(20.0)
1/22 (4.5) 0/22(0.0)
0/25 (0.0) 0/25(0.0)
3/22(13.6) 5/22(22.7)
2/12(16.7) 4/12(33.3)
1/35(2.9) 1/35(2.9)
2/36 (5.6) 5/36(13.9)
1/11(2.7) 0/11(0.0)
1/27 (3.7) 0/27 (0.0)
2/20(10.0) 5/20(25.0)
1/27 (3.7) 0/27 (0.0)
2/20(10.0) 5/20 (25.0)

2LVSI — Lymphovascular Space Invasion; ®FIGO — International Federation of Gynecology and Obstetrics

surgery. The median rate of regional recurrence period was
12 months (range, 10-15 months). In five patients with pri-
mary metastatic regional lymph nodes, distant metastases
appeared, always as the pelvic lymphadenopathy, which was
combined with pulmonary involvement in two cases and
with bone metastases and brain involvement in one case
respectively. The median occurrence of distant recurrences
was 6 months (range, 3-10 months). We recorded the deaths
of 19 patients, two of whom died without recurrence of other
causes; the mortality index for the analyzed group was 40.4%.
Four patients with surgically treated local recurrence are still
alive and 24 patients live without recurrence.
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Figure 1. Kaplan-Meier estimate of survival function (DFS)

During the follow-up period (range, 4-118 months),
we observed a mean DFS of 66.7 + 6.5 months (95% Cl;
54.0-79.5) (Fig. 1) and a mean OS of 69.7 + 6.2 months
(95% ClI; 57.6-81.8) (Fig. 2).

The univariate analysis of local vulvar recurrence es-
tablished a statistical significance in all prognostic factors
analyzed at p < 0.05. By quantifying the risk of recurrence risk
using the Cox regression model, we found the highest risk of
local relapse in patients exhibiting invasion depth > 5 mm
compared to invasion depth < 5 mm, HR 12.42 (95% ClI,
3.44-44.84), and in the patients with LVSI compared to those
without LVSI, HR 10.83 (95% CI; 3.87-30.28) (Table 4).
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Figure 2. Kaplan-Meier estimate of survival function (OS)
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Table 4. Risk factors predicting local recurrence

Tumor size
T Ty 2.80(1.12-6.99) 0.027
Margin distance

e T 4.91(1.73-13.93) 0.003

D 12.42(3.44-4484)  <0.001
(>5mmvs. <5mm)

a
Lvss 10.83 (3.87-30.28) <0.001
(yes vs. no)
B 763(1.02-57.12) 0048
(involved vs. not involved)
Metastatic lymph nodes
(metastases vs. no metastases) s (Bt Sl
FIGO® stage
(llvs. 1 +11) 9.64 (3.03-30.69) <0.001

3LVSl — Lymphovascular Space Invasion; ®FIGO — International Federation of
Gynecology and Obstetrics; “‘HR — Cox proportional hazard ratio

In the next part of the analysis, we focused on the com-
parison of the risk of recurrence stratified by the time interval
of recurrence. Borderline statistical significance for early
recurrence in the first two years compared to late recurrence
was found to be associated with depth of invasion (> 5 mm),
metastatic lymph nodes and advanced FIGO stages (Table 5).
When the associations between continuous variables (age,
tumour size, margin distance, depth of invasion) were tested,
statistical significance was not established between age and
depth of the invasion, the borderline significant association
was identified between the age and size of the tumour, other
correlations were statistically significant (Table 6). Statisti-
cally significant associations between LVSI and metastatic
lymph nodes, LVSI and FIGO stage, metastatic lymph nodes
and FIGO stage respectively were observed when testing
the associations between categorical variables (Table 7).
When testing differences between distributions of continu-
ous variables across categories, no statistically significant
association between only age and midline involvement; and

Table 6. Associations between continuous variables

Tumor size p*=0.051
Margin distance p*=0.040 p*=0.006 —
Depth of invasion p*=0.096 p*=0.001 p®=0.006

2Spearman correlation coefficient

Table 7. Asociations between categorial variables

Involvement of

midline B o -
Metastatic lymph p< < 0.001 pe=0.129 .
nodes

FIGOa stage p<0.001 p<=0.129 p©<0.001

*FIGO — International Federation of Gynecology and Obstetrics; "LVSI
— Lymphovascular Space Invasion; ‘chi-squared test

Table 8. Differences in the distribution of continuous variables
across categories

p*=0012 p*=0.788 p*=0.020
Tumor size p®=0.004 p?=0.006 p? < 0.001
Margin distance pP=0.052 pb=0.028 pP=0.001
Depth of invasion pP <0.001 pP=0.072 p? < 0.001

3t-test; "Mann-Whitney test; °FIGO — International Federation of Gynecology
and Obstetrics; LVSI — Lymphovascular Space Invasion

depth of the invasion and midline involvement respectively
was not observed. The borderline significant association was
determined between margin distance and LVSI (Table 8). Due
to the limited number of regional and remote recurrences,
no analysis of their prognostic factors was conducted.

Table 5. Risk factors of local recurrence — impact of the time interval to recurrence

Tumor size (= 40 mm) 4/8 (50.0)
Margin distance (< 8 mm) 7/8(87.5)
Depth of invasion (> 5 mm) 6/8(75.0)
LvsSi 4/8 (50.0)
Involvement of midline 8/8 (100.0)
Metastatic lymph nodes 6/8(75.0)
FIGOP stage IlI 6/8 (75.0)

2/5 (40.0) 0.724
2/5 (40.0) 0.070
1/5 (20.0) 0.047
1/5 (20.0) 0.268
5/5(100.0) 0.991
1/5 (20.0) 0.047
1/5 (20.0) 0.047

3LVSl — Lymphovascular Space Invasion; ®FIGO — International Federation of Gynecology and Obstetrics; “maximum likelihood estimation method
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DISCUSSION

Primary surgery is a preferred therapeutic approach for
VSCCin case no distant metastases are present. The progno-
sis of primarily operated patients is strictly dependent on the
metastatic involvement of regional lymph nodes, which is
strongly associated with the risk of relapse and aggravated
survival. This was demonstrated in our group of patients,
where recurrence (regardless of its localization) occurred in
70% of patients with primary metastatic lymphadenopathy.
Half of the recurrences in these patients occurred in the
inguinal area or pelvic lymph nodes, which is consistent
with the literature [16-18]. Most prevalently, the patients
with primary extracapsular nodal involvement presented
with most frequent recurrence (90%) despite adjuvant ra-
diotherapy. In spite of this, surgical treatment followed by
radiotherapy is more efficient and preferable to radiotherapy
alone [3].In case of suspected metastaticinvolvement of the
groin nodes, a biopsy should be performed. The optimal
management of these cases — inguinofemoral lymphade-
nectomy or groin node debulking — has not been defined
yet [3, 19]. The exclusion of the presence of disease in the
pelvis using PET/CT or PET/MRI is important to determine
a rational treatment strategy [20, 21]. In case a patient’s
condition is suitable, pelvic debulking may be considered
as an option despite the fact that pelvic disease is already
considered a distant metastatic involvement [3].

In case of regional lymph nodes are found to be negati-
ve, a set of clinical and histopathological parameters which
may affect disease recurrence must be considered. Due to
the limited number of regional and remote recurrences in
our study, we statistically analyze possible prognostic factors
only for the risk of local recurrence. All seven analyzed pro-
gnostic factors were revealed to be statistically significant
in this analysis; midline involvement achieved borderline
statistical significance, likely due to more radical surgical
treatment in patients with this risk factor. The highest risk of
local recurrence occurred in coincidence with the presence
of a deep invasion of > 5 mm and LVSI (12x or 10x higher
respectively). Other intergroup analyses revealed the stati-
stically significant associations of some continuous (tumour
size, margin distance, depth of invasion) and categorical
variables (LVSI, metastatic lymph nodes).

Although the total number of recurrences (local, regio-
nal, remote) reporting in our study is relatively high (44.7%),
disease recurrence occurred in a quarter of the patients
after more than two years from the end of the primary
treatment. The proportion of local recurrences among the
total number of recurrences is 62%; this correlates with
recent sources which report rates in excess of 50% [10, 16,
22]. The proportion of local relapses recurring after more
than two years of follow-up was almost 40% in our study.

This is a substantial challenge, eliciting a discussion of the
VSCC local recurrence definition, in the frame of which two
factors should be considered. First, it is recurrence interval,
second, the distance between localization of primary tu-
mour and recurrence. As most recurrence cases take place
during the first two years, some authors have suggested that
late recurrences may, in fact, constitute de novo tumours
[23, 24]. Our analysis found borderline statistical significance
for an early risk of local recurrence (up to two years) in three
prognostic factors (depth of invasion > 5 mm, metastatic
lymph nodes, FIGO lll stage). To facilitate the discussion and
differentiate a real local recurrence from de novo tumour,
the detailed documentation, including an image or clinical
plot, appears as crucial [3, 23, 24].

FIGO I-1l stages represent in our study almost 58% of
all cases, which corresponds to the current distribution of
the early stages of the disease in the population of Czech
women [25].

Furthermore, 20 patients with stage Il were included
in the analysis. The inclusion of advanced-stage patients
helps to validate the relationship between prognostic fac-
tors and risk of local recurrence. Thus, these results are not
only limited to those with early-stage cancers but can be
generalized to the more advanced tumours in that is also
important to obtain adequate margins in advanced cancers
for palliative surgical care to provide symptomatic relief and
prevent local recurrence.

68% of our patients received adjuvant radiotherapy
to the vulva, therefore the group can seem inconsistent
from this perspective. However, radiotherapy for the vulva
region was recommended for patients with a clear indication
(a resection margin of < 8 mm, a depth of invasion > 5 mm,
a presence of LVSI, locally advanced tumours infiltrating
of surrounding organs). Moreover, the incidence of local,
regional or distant relapses was not effectively influenced
by adjuvant radiotherapy after primary surgery in our study.
This can be documented by the fact that out of 13 local
vulvar recurrences, only one case did not receive adjuvant
treatment. In another eight relapses (three in the groin and
five in pelvic lymph nodes) adjuvant radiotherapy was per-
formed in these anatomical sites in seven patients. Further
investigations and new studies dealing with the effect of
adjuvant and neoadjuvant radiotherapy are the next logical
steps in the assessment of this modality of treatment.

To achieve tumour-free margins is the major prognostic
factor influenced by the surgeon. Our analysis reveals the
statistical significance of adequate surgical margins (= 8 mm)
in the reduction of risk of recurrence. In the case of close
resection margins, no statistically significant difference in
the increased risk of early local recurrence (up to two years)
was observed compared to relapse after more than two
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years. A recent expert opinion states that the free-resection
margin should be at least 1 cm [3]. Concurrently, however,
itis stressed that it is acceptable to consider less wide mar-
gins in case the tumour lies close to midline structures and
preserving their function is desired [3]. The results of studies
comparing the association of the width of free-resection
margins and the rate of local recurrence are inconclusive
and this topic remains the most controversial point in the
surgical treatment of vulvar carcinoma [26-30]. Therefore,
it is necessary to focus on new histopathological, genetic
and epigenetic factors. Actual sources state the increased
risk of recurrence based on increased tumour aggression
in association with the presence of perineural invasion or
epithelial-mesenchymal transition [31, 32]. Increased risk of
local recurrence is also characterized by HPV tumour negati-
vity in conjunction with differentiated VIN, lichen sclerosus
and genetic alterations such as TP53 mutations [33, 34].

CONCLUSIONS

Based on the results of our study, the major prognostic
factor of local VSCC recurrence influenced by the surgeon is
represented by tumour-free pathological margins = 8 mm.
The achievement of such margins is an important prerequ-
isite for reducing the risk of local recurrence while respec-
ting the current trend of less radical locoregional surgery.
A perfect knowledge of the extent of the disease prior to
surgery as well as the definition of new molecular progno-
stic parameters should be to support adequately radical
trends in the current surgical treatment of vulvar cancer.
The emphasis is given on adequate radicality as well as on
reduction of overtreatment without worsening prognosis
by simultaneously preserving the quality of life.
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5. Specifika a komplikace radikialni operaéni 1é¢by malignit

gynekologickych panevnich organi

Pro gynekologickou onkologii plati jako pro medicinu vSeobecné, ze se neustale dynamicky
rozSifuje zakladna novych znalosti. Onkogynekolog musi mit rozsdhly fond znalosti, ktery
zahrnuje mnoho aspektl této subspecializace (detailni znalost anatomie gynekologickych organa
1 celé peritonedlni dutiny, znalost patofyziologie chorobnych procesti, povédomi
0 mechanismech tc¢inku a toxicité systémové 1€cby, o uziti krevnich derivatl, atd.). Soucasné¢ se,
zejména v poslednich dvou desetiletich, dramaticky zvySuji technologické moznosti a s tim
souvisejici rozsah operacni 1écby.

Kompetence v opera¢nim managementu gynekologickych zhoubnych néadorti piedstavuje
naprosto esencidlni dovednost, kterou musi onkogynekolog disponovat. Je zakladnim
pozadavkem na management téchto pacientek a zadny jiny specialista tuto povinnost nespliuje.
Naplnéni této povinnosti je definovano zvladnutim resekénich vykont v oblasti panve i horniho
bticha, participaci na nezbytnych rekonstrukénich vykonech a rozpoznanim komplikaci a jejich
feSenim samostatné nebo v ramci nezbytné interdisciplinarni spoluprace. V souvislosti
s rozvojem novych opera¢nich technologii je Zddouci rovnéZ co nejvétsi univerzalnost tykajici se
operacnich pfistupii. Tato v sob¢ zahrnuje schopnost disponovat souc¢asnymi proceduralnimi
dovednostmi jak v historicky etablované oteviené operative, tak v dynamicky se rozvijejicim
minimalné invazivnim pfistupu, jehoz moznosti vyuziti se neustdle rozsifuji i v souvislosti
s dokonalej$i peropera¢ni a pooperacni anesteziologickou a intenzivni péci.

To jsou obecna pravidla, kterda je mozno aplikovat na problematiku onkochirurgie
ve vSeobecném rdmci. Kromé toho je vSak radikalni operacni 1écba gynekologickych panevnich
malignit spojena i s uritymi specifiky. Tim nejzasadnéj$im se z pohledu klinické praxe jevi
samotna lokalizace zhoubné nemoci, ktera postihuje reprodukéni Zenské organy. Kdyz
pomineme pouze izolovany psychicky aspekt tohoto pohledu, je nutno brat v uvahu vyskyt
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malignity v reprodukénim Zivotnim obdobi, coz miiZze vyznamnym zpiisobem ovlivnit moznosti
nasledného tcéhotenstvi. Této problematice je vénovana Cast 5.1. této kapitoly. Provedeni
kompletniho stagingového vykonu je u gynekologickych malignit spojeno s pomérné rozsahlou
preparaci v prostoru retroperitonea panve a dolniho bficha. Vodicim bodem pro onkogynekologa
jsou pfitom predevsim magistralni tepenné a zilni kmeny v danych anatomickych lokalitach.
Znalost jejich prubéhu a povédomi o pifitomnosti zdkladnich variet a atypii cévni anatomie je
nezbytnou podminkou pro zdarny pribéh této pomérné¢ technicky vysoce narocné casti
operacniho vykonu. Této problematice je vénovana ¢ast 5.2. této kapitoly doplnéna publikacnim
vystupem odrazejicim vlastni klinické zkuSenosti autora. Posledni ¢ast 5.3. je vénovana
problematice operacnich komplikaci radikélnich onkogynekologickych vykont s darazem
na adekvatni diagnostiku téchto komplikaci a na nezbytnost casto izké mezioborové spoluprace

S ptibuznymi opera¢nimi obory pfi feSeni téchto komplikaci.
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5.1. Fertilitu zachovavajici terapie gynekologickych malignit

Vyskyt zhoubnych nadort gynekologickych panevnich orgdnt se z hlediska vékové struktury
zaCind vyraznéji zvySovat po 40. roce Zzivota s maximem V perimenopauzalnim a
postmenopauzalnim obdobi, a proto se zachovani fertility pfi 1écbé gynekologickych zhoubnych
nadori muze zdat pouze okrajovym problémem. AvSak gynekologické malignity jsou
diagnostikovany ve vsSech veékovych kategoriich, vcetné novorozencii, détského veku,
adolescence a samoziejm¢ i fertilniho obdobi [2]. Pravé ve fertilnim obdobi se zvlasté
u nékterych diagnéz jedna o pocetné ne az tak zcela nevyznamnou kohortu pacientek. S vlastni
onkologickou 1écbou u pacientek s nesplnénymi reprodukénimi plany pak interferuje
problematika zachovani dalsi fertility, kterd je podminénd stddiem nemoci a histopatologickymi
charakteristikami malignity. Mize se samoziejm¢ jednat i1 o situace, kdy stddium nemoci
neumozni aplikaci 1écebného postupu spojeného se zachovanim orgdnit nezbytnych
pro reprodukci. V téchto piipadech jsou jiz partnerské pary odkazany pouze na moznost adopce.
Na druhou stranu véasnéd diagndéza zhoubného nadoru reprodukénich organtt mize byt spojena
s tispésnou onkologickou 1é€bou a s moznosti zachovat Sanci na zplozeni a porod biologicky
vlastniho potomka. Podstatné je zachovani orgéni nezbytnych pro reprodukci, tedy alespoil
jednoho vaje¢niku nebo jeho casti jako zdroje Zenskych zarodeénych buncék a soucasné
zachovani ¢asti d€lohy (tj. délozniho téla s ¢asti d€loZzniho hrdla) jako prostedi, v némz probiha
vyvoj produktu koncepce.

Z hlediska pocetniho zastoupeni, pokud budeme oznacovat jako fertilni skupinu pravé Zeny
do 40. roku zivota, je jednozna¢né nejfrekventngjsim gynekologickym panevnim zhoubnym
nadorem karcinom délozniho hrdla. Dle poslednich statistickych udaji z roku 2016 bylo
ve veékove kategorii zen do 40 let diagnostikovano celkem 154 zhoubnych néadort délozniho
hrdla, coz ptedstavuje podil téméf 19% na celkovém poctu diagnostikovanych cervikanich
karcinomu [2]. Je nutno brat v tivahu i dal$i gynekologické malignity, i kdyZ s podstatné nizSim
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procentudlnim podilem na celkovém vyskytu malignit ptislusného gynekologického orgéanu.
V piipad¢€ karcinomu zevnich rodidel a endometria je vyskyt spise raritni s podilem 2,7%, resp.
1,3% na celkovém poctu téchto gynekologickych nadord, v ptipadé karcinomu vajecniku je tento
podil 3,6% [2]. Z absolutniho poctu zachycenych nadori jednotlivych organi je pak nutno
selektovat pacientky s pranim zachovani fertility, které splnuji kritéria pro aplikaci fertilitu
zachovavajiciho postupu.

Fertilitu zachovavajici postup musi respektovat nékolik zakladnich hledisek. Z hlediska
onkologického je zasadni precizni ptredoperacni diagnostika, kterd rozhodne o splnéni kritérii a
vhodnosti pacientky pro fertilitu zachovavajici operacni vykon [108]. Adekvatni diagnostika a
suficientné¢ stagingovy radikalni operacni vykon vyzaduje soustfedéni péce o tyto pacientky
do specializovanych onkogynekologickych center [109-114]. Zadoucim vysledkem je zachovani
onkologické bezpecnosti, kdy riziko recidivy (onkologicky vysledek) bude srovnatelné se
standardnim postupem uplatnénym u pacientek bez ptani zachovani fertility. Soucasné¢ musi byt
tyto techniky a pfistupy dostateéné konzervativni, aby zachovaly v piijatelném procentu fertilitu
(reprodukéni vysledky) a zaroven umoznily co nejvétSimu poctu zen donosit zdravé dité s co
nejmens$im rizikem prematurity (perinatologické vysledky) [115-118]. Tuto problematiku
odrazeji dva publikacni vystupy autora. Prvni analyzuje radikalni fertilitu zachovavajici operacni
vykony a nasledné onkologické, reprodukéni a perinatologické vysledky souboru pacientek
lécenych v Onkogynekologickém centru FN Brno (viz priloha 5.1.1.). Druhy je prezentovan
souhrnnou praci vénovanou sice raritni, ale velice citlivé problematice ovaridlnich epitelialnich

malignit v adolescentni populaéni skupiné (viz pFiloha 5.1.2.).
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Radikalni fertilitu zachovavajici
operacni vykony u gynekologickych
malignit - pétilety soubor

Radical fertility preserving surgery of gynaecological

malignancies - five-year-old file

Felsinger M., Minaf L., Weinberger V., Hudecek R.

Gynekologicko-porodnicka klinika LF MU a FN, Brno,
prednosta prof. MUDr. P. Ventruba, DrSc., MBA

ABSTRACT

Objective: Analysis of radical fertility preserving sur-
gery, oncogynaecological treatment including their
pregnancy effort.

Design: Prospective study.

Setting: Department of Obstetrics and Gynaecology,
Masaryk University and Faculty Hospital Brno.

Methods: The group of 13 patients in age fifteen to
thirty-six, who underwent radical fertility preserving
surgery of oncogynecological tumors (cervix, ovarium),
9 patients with ovarian cancer and 4 patients with car-
cinoma of cervix.

Results: Histology showed seven times ovarial epithelial
carcinoma, twice nonepithelial ovarial carcinoma, twice
spinocelular cervical carcinoma, one adenosquamous
and one lymfoepithelioma like carcinoma. We reported
lymphocele as the most often postoperative complication
by five patients with ovarial carcinoma, lymphoedema
of lower limbs in ane case and one of them complicated
by bilateral hydronephrosis. After surgery procedures
of cervical carcinoma, there was a stenosis of cervical
canal with postoperative correction. In one case there
was provided vaginal revision of cervix followed by em-
bolisation of uterine arteries because of heavy bleeding

in early postoperative period. After two years follow
up, there are 12 patients in remission. There were four
patients with fertlity plan, two with ovarial carcinoma,
two with cervical carcinoma. The first group describes
two pregnancies - one misscariage and one spontaneus
labour in the date of delivery. There were 4 pregnancies
in two patients wit cervical carcinoma. One patient has
an intrapartal cesarean section because of scarring of the
cervix after the operation. Next patients has two labours
in due date, three labours in 34-37th week of pregnancy
and one misscariage in 23 week of pregnancy. One pati-
ent has ovarial cancer during pregnancy, so the radical
fertility preserving surgery was done after delivery.

Conclusion: Methods and procedures of surgery with
fertility preserving goals in our oncogynecological centre
are in concordance with actual knowledge of medicine
and respect oncological safety of patients with malignan-
cies, who currently wish for fertility preserving treatment.
Presented group of patients is relatively small, but results
of oncological treatment and fertility plan demonstrate
rightfulness of this tretament.

KEYWORDS

radical fertility preserving surgery, simple vaginal
trachelectomy, adnexectomy, lymphadenectomy

SOUHRN

Cil studie: Analyza radikalnich fertilitu zachovévajicich
operacnich vykond, rozbor nasledné onkogynekologické
lécby véetné reprodukénich vysledka.

Typ studie: Prospektivni studie.

Nazev a sidlo pracovisté: Onkogynekologické cent-
rum, Gynekologicko-porodnicka klinika Lékarské fakulty
Masarykovy Univerzity a Fakultni nemocnice Brno.

Metodika: Zhodnoceni souboru 13 pacientek ve véku
15-36 let, které podstoupily radikalni fertilitu zachovavajici
vykon pro zhoubny nador gynekologickych panevnich

organd (cervix, ovarium), 9 pacientek s karcinomem
ovaria, 4 s karcinomem délozniho hrdla.

Vysledky: U karcinomu ovaria se histologicky jednalo
sedmkrat o epitelidini karcinom, ve dvou pfipadech byl
nalez neepitelidlnino karcinomu. U karcinomu cervixu
byl dvakrat histologicky nélez invazivniho spinocelular-
niho karcinomu, jednou adenoskvamozniho a jednou
lymfoepitelioma like karcinomu. Nej¢astéjsi postope-
racni komplikaci u karcinomu ovaria byl pétkrat nalez
lymfocysty, v jednom pfipadé komplikovan oboustran-
nou hydronefrozou, ve dvou pripadech s lymfedémem
dolnich koncetin. Po vykonech na hrdle se dvakrat
objevila stendza cervikélniho kanalu. V jednom pfipadé
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oyla provedena embolizace uterinnich arterii pro silné
pooperacni krvdceni. Po minimdlné dvouletém follow
up se nachazi 12 pacientek v remisi. O graviditu se po
operaci snazily ¢tyri pacientky, dvé s karcinomem ovaria,
dvé s karcinomem délozniho hrdla. vV prvni skupiné pa-
cientek bylo dosazeno dvou téhotenstvi, jednoho abortu
v |. trimestru, jednoho spontanniho porodu zahlavim
v terminu porodu. U dvou pacientek po operacina hrdle
oylo dosazeno tyf téhotenstvi. Jedna pacientka rodila
Ccisarskym fezem v terminu porodu pro nepostupujic
porod pfi jizveni délozniho hrdla v souvislosti s tra-
chelektomii. U druhé pacientky byla u viech porodu
provedena ¢asna cerclage pro inkompetenci délozni-
ho hrdla. Tato pacientka dvakrat spontanné porodila
v 34.-37. tydnu gravidity a jednou spontanné potratila
v 23. tydnu gravidity. Jedna pacientka byla diagnosti-

uvob

Incidence karcinomu hrdla délohy je 17,2/100
tisic Zen, karcinomu ovaria 19,3/100 tisic Zen.
Vabsolutnich ¢islech se jedna o 918 novych pripadii
karcinomu hrdla délozniho a 1032 pfipadd karcino-
mu vajecniku rotné ve viech vékovych kategoriich,
Zdrojemn dat je Narodni onkologicky registr (NOR)
Ceské republiky z roku 2012,

Gynekologické malignity se vyskytuji v re-
produkénim obdobi Zeny s riznou frekvenci,
Onkologicka bezpecnost operacniho vykonu se
mnohdy dostava do rozporu s pfanim pacientky
zachovat fertilitu. Existuje v8ak velké mnoZstvi
ptipadd, kdy je pfi véasné diagnéze moZné pomoci
adekvatni lé¢by uchovat Zenam soucasné $anci na
zplozeni a porod biologicky vlastniho potomka.
Problematika 16¢by zachovavajici plodnost se stala
vysoce aktualni, nebot Zeny v Evropské unii rodi
své prvni dité v priméru v 30, roku Zivota. S bio-
logicky ,vy$$im“ vékem oviem soucasné nartistd
i poCet gynekologickych zhoubnych nadort [6].
Rovné? je markantn{ narlst sterilnich parQ v po-
pulaci, které jsou odkdzany ve snaze o tspéSnou
graviditu na vyuzit{ technik umélého oplodnéni
(17]. Na druhou stranu jsou pravé tyto techniky
(stimulace vaje¢niki hormonalnimi preparaty)
prokdzanym rizikovym faktorem pro ovaridlni
nddory, minimalné hrani¢nich biologickych vlast-
nosti (tzv. borderline tumory), diskutuje se vSak
i 0 vyznamném riziku pro nadory invazivni (4,
13]. Zhoubny nador délozniho hrdla je ze skupiny
zhoubnych nddori s pfimym vztahem k plodnosti
Zeny nejcastéjsi, Raritné je diagnostikovan u Zen
do 25 let, pomérné strmy narfist vyskytu je vsak
mozné zaznamenat u Zen ve véku vyssim nez 30
let. Hlavnim rizikovym faktorem vzniku je virova
infekce lidskym papilomavirem (HPV - human
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kovana gravidni, radikaIni Fedeni se zachovanim fertility
bylo provedeno po porodu.

Zavér: Metody a postupy naseho onkogynekologického
centra v problematice fertilitu zachovavajici radikéini ope-
racniléchy jsou v souladu s aktudlnimi doporucenimi, které
respektuji onkologickou bezpecnost u pacientek s malignim
onemocnénim a soucasnym pfanim zachovani fertility.
Prezentovany soubor je sice maly, nicméné vysledky proka-
Zujfjak z hlediska onkologické 16¢hy, tak z pohledu nésledné
snahy o graviditu opravnénost tohoto lecebného postupu.

KLICOVA SLOVA

radikalni fertilitu zachovavajici operacni vykony,
simplexni vaginalni trachelektomie, adnexektomie,
lymfadenektomie

Ces. Gynek, 2015, 80, ¢, 5, 5. 339-344

papiloma virus). Klinické projevy jsou pfi casnych
stadiich velmi Casto chabé. Definitivni diagnoza
je stanovena na zakladé bioptického vysetfeni.

Karcinom délozniho hrdla je jedinym z gyneko-
logickych zhoubnych nadort s existujicim progra-
mem primarni prevence v podobé jiZ do praxe uve-
dené vakcinace [20]. Karcinom ovaria je druhym
ze skupiny zhoubnych nadort s pfimym vztahem
k plodnosti zeny. Vyskytuje se nejcastéji u postme-
nopauzalnich Zen, ale asi v 10-15 % postihuje Zeny
ve fertilnim véku [13]. V jednotkovych pfipadech
se milZe ve vékové kategorii 20-39 let vyskytnout
izhoubny nddor vejcovodu, jehoz rizikové faktory,
diagnostika a 1écba jsou identické s ovaridlnim
karcinomem [14], Z hlediska rizikovych faktorti je
stale uznavana hypotéza nepretrzitych ovulaci,
soucasneé je vSak prijat a rozvijen koncept primar-
niho orriga ve vejcovodu u znacné casti pokrocilych
ovarialnich karcinomd [3]. Mimo to asi 5-10 %
karcinomi ovaria je geneticky podminénych. Mezi
hlavni syndromy patii tzv. hereditarni syndrom
karcinomu prsu a vaje¢niku, spojeny s mutaci
vgenech BRCA1, 2a tzv, syndrom Lynch II, domi-
nantné se tykajici rizika karcinomu tlustého stieva
a endometria [5, 25]. Spoletnym rysem protektiv-
nich faktord je sniZeni poftu ovulaénich cykld,
tedy téhotenstvim a kojenim, farmakologicky pak
hormondlni antikoncepci.

Pro 1écbu zachovavajici plodnost je zcela za-
sadni zichyt onemocnéni v ¢asném stadiu. Casna
diagnostika ovarialniho karcinomu je vzhledem
k asymptomatickému pribéhu pocatku onemoc-
néni velice obtiZzna a do dnesni doby nemame k dis-
pozici vhodnou screeningovou metodu, Zakladem
diagnostiky je kombinace transvaginalniho a ab-
dominalniho ultrazvukového vysetfeni [9, 23].
Dopliikovym vySetfenim je stanoveni tumor mar-



kerti, zejména CA 125 a nové HE4, respektive ROMA
indexu (Risk of Ovarian Malignancy Algorythm),
Pokud na zakladé téchto vySetfeni ziskdme vyraz-
néjsi podezieni na borderline tumor nebo pfimo
zhoubny nador, je nutné provedeni stagingovych
vySetfeni, Zasadni je zhodnoceni kontralateralni-
ho ovaria [13].

SOUBOR A METODIKA

Jedna se o soubor 13 pacientek, které v repro-
dukénim obdobi onemocnély zhoubnym nadorem
gynekologickych organt, Do souboru nebyly zahr-
nuty pacientky s borderline tumorem ovaria a kar-
ciomem hrdla 1éenym jen prostou konizaci. V10
pripadech se jednalo o Zeny bezdétné, v jednom
pripadé to byla Zena s jednim ditétem, ve dvou se
dvéma détmi, ale soucasné pranim dalsiho tého-
tenstvi. Jejich vékové rozmezi bylo 15-36 let (medidn
32, SD 5,94). U vSech pacientek se jednalo o prvni
zachyt onkologického onemocnéni. Z hlediska
pfitomnosti gynekologickych zhoubnych nidor
meély negativni rodinnou anamnézu. U pacientek
byl proveden radikalni fertilitu zachovavajici ope-
racni vykon pfi splnéni indika¢nich kritérii.

Pacientky byly rozdéleny do dvou skupin. Devét
pacientek s karcinomem ovaria podstoupilo uni-
lateralni adnexektomii, ve dvou pfipadech byla
ndsledné provedena i druhostranna adnexektomie
s kryoprezervaci ovarialni tkané. Ve v§ech pfipa-
dech byl proveden kompletni stagingovy vykon.
Ctyfi pacientky s karcinomem hrdla délozniho
podstoupily simplexni trachelektomii s panev-
ni lymfadenektomii a peroperacnim vysetfenim
sentinelové uzliny. U obou skupin pacientek jsme
sledovali zastoupeni postoperacnich komplikaci
(lymfocysta, lymfedém, hydronefréza, stendza
cervixu, krviceni, ascites), vysledky onkologické
1é¢by (remise, recidiva, umrti) a reprodukéni vy-
sledky (snahu o graviditu, dosaZena téhotenstvi,
potratvI. all. trimestru, pfedéasny porod a porod
v terminu).

Vzhledem ke splnéni kritérii pro plodnost
zachovavajici pristup byly pacientky po vykonu
prevedeny do dispenzarni péce, kterd probihala
minimalné dva roky od ukoncené 1é¢by podle stan-
dardnich doporuceni, tj. prvni 2 roky v intervalu
3 mésict, 3.-5. rok po skonceni 1é¢by v intervalu
6 mésicl. Po péti letech od ukonceni 1é¢by byl pro-
dlouZen interval kontrol na jednou za rok. Kazda
kontrola zahrnovala objektivni gynekologické a ul-
trazvukové vysSetfeni. U pacientek s karcinomem
ovaria byly stanoveny hladiny tumor markeri
pfi kaZzdé navstévé. U pacientek s karcinomem
cervixu se provadél odbér nadorovych markerit
v roénim intervalu, Dalsi vySetfeni (zobrazovaci
metody - RTG plic, CT bficha a panve atd.) byla pro-

vadéna v piipadé klinickych potiZi pacientek, pfi
patologickych hodnotach tumor markert nebo pfi
podezfelém ultrazvukovém nalezu. Pacientky byly
seznameny s doporucenymi intervaly, po jejichz
uplynuti je mozné se pokusit o téhotenstvi, véetné
moznosti vyuziti technik asistované reprodukce.
Pacientkam, které bezprostfedné nemély zajem
o téhotenstvi, byla doporucena blokada ovulace
hormonalni antikoncepci.,

VYSLEDKY

U karcinomu ovaria se histologicky jednalo
sedmkrat o epitelidlni karcinom - z toho Sestkrat
mucindzni, jednou serézni papilarni karcinom,
ve dvou pripadech byl nilez neepitelidlniho ma-
ligniho tumoru - jednou nezraly teratom, jednou
se vyskytl agresivni Yolk-sac tumor (tab. 1). Ukar-
cinomu cervixu byl dvakrat histologicky ndlez
invazivniho spinoceluldrniho karcinomu, jednou
adenoskvamdzniho a jednou lymphoepitelioma
like karcinomu (tab. 2). Nejcastéjsi postoperacni
komplikaci u karcinomu ovaria byl pétkrat na-
lez lymfocysty, v jednom pfipadé komplikovan
oboustrannou hydronefrézou, ve dvou pfipadech
slymfedémem dolnich koncetin a podbfisku, jed-
nou se vyskytla trombéza horni koncetiny (8, 20].

Tab.1 Histologické typy u karcinomu ovaria

Epitelovy Mucindzni 6
Serdzni papilarni 1

Neepitelové Nezraly teratom 1
Yolk-sac tumor 1

Tab.2 Histologické typy u karcinomu délozniho hrdla

spinocelularni 2
adenoskvamozni 1
lymphoepitelioma like 1

Tab.3 Pooperaéni komplikace

C56 Lymfocysta
Lymfedém DKK
Hydronefroza
Lymfedém podbfisku
Trombdza PHK

C53 Stendza cervixu

Krvaceni
Ascites

mlla|la|lam == =0
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Tab.4 Téhotenské vysledky pacientek po radikdlnim fertilitu zachovavajicim vykonu

stizeni regiondlnich
lymfatickych uzlin
a pritomnost vzda-
lenych metastaz [9,
10, 22]. Dalsi pod-
minkou pro fertilitu

Ca ovarii 2 2 1 1* 1
Ca cervicis 5 i 5 s ] zz@chovm’r opeFaEpf
uteri vykon je minimal
Celkem 4 6 1 3 2 ni délka intaktniho
* Porod pacientky, u které byl diagnostikovan ca ovaria v 18 t.g. hrdla po Operad 5-10

Po vykonech na déloznim hrdle se dvakrat objevila
stendza cervikalniho kanalu s naslednou operac¢ni
korekci (dilataci), jednou ascites. V jednom pfipa-
dé byla provedena embolizace uterinnich arterii
pro silné pooperacni krvaceni (tab. 3).

Pii splnéni podminky minimalné dvouletého
follow-up od primarniho radikalniho operacniho
vykonu se nachazi 12 pacientek v remisi. Po absol-
vovani dvou negativnich dispenzarnich kontrol od
vykonu se snazily o graviditu Ctyfi pacientky, dvé
s karcinomem ovaria, dvé s karcinomem délozniho
hrdla. V prvni skupiné pacientek bylo dosazeno
dvou téhotenstvi, jednoho abortu v I. trimestru,
jednoho spontanniho porodu zdhlavim v terminu
porodu. U dvou pacientek po operaci na hrdle bylo
dosazeno Ctyf téhotenstvi. Jedna pacientka rodila
cisafskym fezem v terminu porodu pro nepostupu-
jici porod pti jizveni délozniho hrdla v souvislosti
s provedenou trachelektomii. U druhé pacientky
byla u vSech porodl provedena casna cerclage pro
inkompetenci délozniho hrdla. Tato pacientka
dvakrat spontanné porodila v 34.-37. tydnu gra-
vidity a jednou spontanné potratila v 23. tydnu
gravidity (tab. 4).

DISKUSE

Problematika 1é¢by zachovdvajici plodnost je vy-
soce aktualni zaleZitosti. Podle poslednich tdaji
z roku 2012 (Www.svod.cz) se vyskytlo ve vékové
kategorii 15-39 let 202 novych pripad zhoubného
nadoru hrdla délohy a 45 piipadi karcinomu ova-
ria. Planovani rodicovstvi je u této skupiny pacien-
tek nedilnou soucasti terapeutického postupu.
U karcinomu cervixu musi byt pro realizaci 1écby
zachovavajici plodnost splnény zakladni podmin-
ky. Prvniz nich je dana velikosti nadoru do 20 mm
v jeho nejvétsim rozméru, druhou podminkou je
neptitomnost neuroendokrinniho histologického
typu nadoru a dalsi [19].

Pfed vlastnim operacnim vykonem je nutné
provedeni stagingovych vysetfeni, v jejichZ cele
stoji expertni ultrazvukové vysetfeni (ev. MRI podle
zvyklosti pracovi§té), abychom posoudili exaktné
volumometrii tumoru a vyloucili metastatické po-
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mm pii intaktnich
resekénich okra-
jich. RozliSujeme dva zakladni operacni pristupy.
Konizace je dostate¢ny vykon, pokud je invazivni
rist nadoru vertikalné maximalné 3 mm, hori-
zontalné maximalné 7 mm, je vyloucena lymfan-
gioinvaze (stadium IAl) a nejsou postizené okraje
operacniho preparatu (12, 13]. Ve stadiu IAl s lym-
fangioinvazi/angioinvazi, A2 a ve stadiu IB1 nado-
i do 20 mm v nejvétsim rozméru s maximalni in-
filtraci do poloviny stromatu je mozno se priklonit
k radikalni fertilitu zachovévajici operaci.

V soucasné dobé se nejcastéji kombinuje lapa-
roskopicka panevnilymfadenektomie, v¢, biopsie
sentinelové uzliny se simplexni trachelektomii
provedenou vaginalné nebo kombinovanou laparo-
skopicko-vaginalni technikou [16, 18]. Podminkou
téchto operaci je peroperacni identifikace a histo-
patologické zpracovani (frozen section - FS) sen-
tinelovych miznich uzlin [2, 3]. Pfi pozitivité je
fertilitu zachovavajici vykon kontraindikovan.
Pacientka musi byt v tomto sméru pfed operaci in-
formovéana a je mozné pii metastatickém postizeni
sentinelové uzliny, jiz v prubéhu jedné anestezie,
provést operacni vykon adekvatni radikality, tj.
systematickou panevni a paraaortalni lymfadenek-
tomii a radikalni hysterektomii v rozsahu typu C2
nebo je vykon ukoncen a nasleduje kurativni kon-
komitantni chemoradioterapie [1, 7, 18]. Identicky
postup je doporucen v piipadé pooperacniho zjis-
téni infiltrace lymfatickych uzlin z definitivni
histologie nebo v ptipadech, kdy nador dosahuje
hranice trachelektomie (konizace). Po fertilitu
zachovavajicim vykonu se doporucuje snaha o té-
hotenstvi s odstupem tfi, resp. 1épe Sesti mésicti po
absolvovani dvou konsekutivnich gynekologickych
kontrol, které vylou¢i navrat nemoci [13].

U pacientek s invazivnim karcinomem ova-
ria miZe byt provedena fertilitu zachovavajici
chirurgicka 1écba pri splnéni urcitych histopato-
logickych kritérii. Konzervativni pfistup je moz-
ny, pokud se jednd o nador neepitelovy ze zaro-
de¢nych bunék nebo ze zarodecného stromatu.
Konzervativni operaci je u epitelidlnich zhoub-
nych nadorli mozné nabidnout pacientkam ve
stadiu Tla; G1(2); histotyp endometroidni, serézni
a mucinézni (event. T1b - zachovani délohy) - za



podminky provedeni kompletniho chirurgického
stagingu. U endometroidniho histotypu je nutna
histologickd verifikace endometria (hysterosko-
pie s biopsii). V pfipadé, Ze se jedna o nepfizni-
vy grade (tj. $patné diferencovany nador) nebo
iatrogenné o stadium IC, lze v ramci klinickych
studii a na pfani pacientky (pozitivni reverz) zvolit
rovnéz konzervativni postup, méla by v§ak nasle-
dovat adjuvantni chemoterapie. Cilem operace je
zachovat fertilitu (optimalné jeden vajecnik a dé-
lohu, pfipadné pouze délohu) za podminky jinak
kompletniho chirurgického stagingu. Resekce ani
biopsie makroskopicky a ultrazvukoveé nesuspekt-
niho druhostranného ovaria pfi konzervativni
operaci neni indikovana [24]. Pokud jsou podmin-
ky splnény, standardni radikdlni, ale soucasné
plodnost zachovavajici vykon zahrnuje lavaz,
biopsii standardnich lokalit a vSech suspektnich
lézi, unilateralni adnexektomii, omentektomii,
apendektomii a aortopelvickou lymfadenektomii.
Vyskytne-li se oboustranné postizeni vajecniki,
je nutné provést oboustrannou adnexektomii,
[ zde je moZné na zakladé pfani pacientky zacho-
vat délohu, Zena jiZ sice nemiiZe zplodit biolo-
gicky vlastniho potomka, ale v rAmci programu
asistované reprodukce pfichazi v ivahu vyuziti
darovanych oocyti [11].

Ve skupiné borderline ovaridlnich tumort
je operacni vykon méné radikilni. Nezahrnuje
lymfadenektomii a pfi oboustranném postiZeni
vajecnikl je mozné v pripadé, Ze neni makrosko-
picky postizen cely vajecnik, provést pouze jeho
resekci. VSechny alternativy moznych nalezll
v priubéhu operace musi byt s pacientkou detailné
diskutovany pred operacnim vykonem a stvrze-
ny jejim podpisem v pfislusném informovaném
souhlasu. Pfi zjisténi nesplnéni podminek pro
plodnost zachovavajici operaci v pritbéhu vlastni-
ho vykonu je pak pfi pfedoperacnim souhlasu pa-
cientky jednoznacné indikovan radikalni operacni
vykon, tj. isodstranénim délohy [24]. Pokud jsou
kritéria pro fertilitu zachovavajici vykon splnéna,
v¢. nasledného potvrzeni definitivni histologii,
doporucuje se snaha o téhotenstvi s odstupem tfi,
resp. 1épe Sesti mésicii po absolvovni dvou ne-
gativnich gynekologickych kontrol, které vylouci
navrat nemoci [13]. Po dokonéeni reprodukénich
plant je doporuceno odstranéni ponechanych ad-
nex. V pripadé, Ze Zena graviditu bezprostfedné
neplanuje, je vhodna hormonalni kontracepce
a dislednd dispenzarni péce.

Screeningova metoda u ovaridlniho karcinomu
k dispozici neni, pouze v pfipadech familidrniho
vyskytu zhoubnych nadori je jisté indikovana
genova mutacni analyza, zejména na piitomnost
mutaci v genech BRCA 1, 2, V piipadé mutace
v BRCA 1 genu se udava celozZivotni riziko karci-

nomu ovaria 40-60 %, u mutace v BRCA 2 genu
priblizné 20 %, pfiemZ mira rizika se vyraznéji
zvysuje po dosazeni 40 let véku [25].

Postupy naseho pracovisté se fidi aktudlnimi
guidelines pro lécbu gynekologickych nadori v re-
produkénim véku.,

Nejcastéjsi postoperacni komplikaci u karcino-
mu ovaria byl pétkrat nalez lymfocysty, vjednom
piipadé komplikovan oboustrannou hydronefro-
zou, ve dvou pripadech s lymfedémem dolnich
koncetin [8, 21]. Po vykonech na hrdle se dvakrat
objevila stendza cervikalniho kanalu s naslednou
operacni korekci (dilataci), Vjednom pfipadé byla
provedena embolizace uterinnich arterii pro silné
pooperacni krvaceni [15]. Vysledky onkogynekolo-
gické 16¢hy jsou srovnatelné s ostatnimi pracovisti
nejen v Ceské republice, aleivzahranici. V nasem
souboru se aktudlné nachdzi 12 pacientek v remisi,
pacientka s Yolk-sac tumorem zemfela na rychlou
progresi a generalizaci onemocnéni do 1 roku od
operace. Tato pacientka odmitla primarné indi-
kovany radikdlni onkogynekologicky vykon bez
zachovani fertility i pfes disledné pfedoperacni
pouceni o vysoce pravdépodobném nesplnéni pod-
minek fertilitu zachovavajiciho vykonu. U jedné
pacientky byl diagnostikovan tumor ovaria v 18.
tydnu gravidity. Byla nejprve provedena jedno-
stranna adnexektomie laparoskopickou cestou a po
spontannim porodu byl radikalni fertilitu zachova-
vajici vykon dokoncen s negativnim histologickym
nélezem v dodatecné odstranénych tkanich.

Obecné je z hlediska zplisobu vedeni porodu
u této skupiny pacientek jednoznacny trend vedeni
porodu vaginalni cestou, pokud neexistuji jiné di-
vody, které by tomuto pfistupu branily, U pacientek
po operacnim fe$eni zhoubnych nalezii na déloznim
hrdle se Castéji setkavame s porody predcasnymi, tj.
pied ukonéenym 37, tydnem téhotenstvi, z diivodu
zkraceni délozniho hrdla operatnim vykonem, ¢imz
dojde k oslabeni jeho uzavérového mechanismu.
Na druhou stranu v ptipadé vyraznéjsiho projizve-
ni rezidualniho hrdla mizZe byt v pritbéhu porodu
insuficientni dilatace porodnické branky nutnosti
ukonceni béZiciho porodu cisafskym fezem [12, 17].
V nasem souboru rodily pacientky prevazné vagi-
nalné, pouze jeden porod byl ukonceny cisarskym
fezem pravé pro jizveni rezidudlniho hrdla.

Zakladem dobrych lécebnych i nasledné té-
hotenskych vysledkl je nezbytna centralizace
pacientek, které jsou adeptkami tohoto speci-
fického lécebného piistupu na pracovisté, kterd
disponuji adekvatnim persondlnim i technickym
vybavenim pro provddéni téchto lécebnych vyko-
ni, Tuto funkci napliuji komplexni onkologicka
centra, ktera jsou konstituovana na krajské trov-
ni a jejichZ soucasti jsou rovnéZ centra vysoce
specializované péce v onkogynekologii, ktera
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tuto problematiku fesi. Na druhou stranu pro
tspéch této snahy zdravotnickych pracovniki
je naprosto nezbytna spoluprace dané Zenské
subpopulace, kterd je podminéna disciplinova-
nosti a pravidelnym absolvovanim preventivnich
prohlidek, icasti na existujicich screeningovych
programech.

ZAVER

Metody a postupy naseho onkogynekologické-
ho centra v problematice fertilitu zachovavajici
radikalni operacnilécby jsou v souladu s aktudlni-
mi doporucenimi, ktera respektuji onkologickou
bezpecnost u pacientek s malignim onemocné-
nim se soutasnym pianim zachovani fertility,
Prezentovany soubor je sice maly, nicméné vysled-
ky prokazuji jak z hlediska onkologické lécby, tak
zpohledu nasledné snahy o graviditu opravnénost
tohoto postupu.
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ABSTRACT

Objective: Ovarian epithelial malignant tumors in ado-
lescence.

Design: Literature review with case reports.

Setting: Department of Gynaecology and Obstetrics,
Faculty of Medicine at Masaryk "s University and Fakulty
Hospital Brno.

Methods: Literature review on ovarian epithelial malig-
nant tumors in adolescence, their epidemiclogy, diagnosis
and therapy with illustrative case reports.

Conclusion: The ovarian epithelial malignant tumors in
the adolescence represent rare group of these diseases
according to the data from the National Cancer Registry.
However, it is a very sensitive area of oncogynecology,
that requires highly personalized approach and the
cooperation with patient s family. The ovarian epithelial
malignant tumors in the age group of 15-19 years show

some differences from these diseases of adults and older
women. The differences concern the extent of the disease
at the time of the diagnosis, the histopathological charac-
teristics of the tumors and the proportion surgical therapy
and chemotherapy. The diagnostic algorithm requires the
cooperation with the colleagues from pediatric gyneco-
logy and oncology. Due to the occurrence of localizated
stages and good tumor differentiation prevails the mo-
notherapy presented the surgical treatment, especially
in the form of the radical fertility-preserving procedures.
The care of the patients should be concentrated into the
oncogynecological centres.

KEYWORDS

ovarian epithelial malignant tumors, adolescence,
fertility sparing surgical treatment, chemotherapy

SOUHRN

Cil studie: Ovaridini epitelidIni malignity v adolescent-
nim véku.

Typ studie: Literarni prehled s kazuistikami.

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

Metodika: Literarni prehled o ovarialnich epitelidinich
malignitach v adolescentnim véku, jejich epidemiolegii,
diagnostice a terapii s ilustrativnimi kazuistikami.
Zavér: Podle udaju Narodniho onkologického registru
predstavuji onemocnéni adolescentek ovarialni epitelial-
ni malignitou skupinu sice zcela raritni, ale soucasné jde
o velmi citlivou oblast onkogynekologie, kde je nezbytny
vysoce individualizovany pfistup a spoluprdce s rodinou
pacientky. Epitelialni ovarialni malignity ve vékove ka-

tegorii 15-19 let vykazuji ve srovnani s onemocnénimi
dospélych a stardich Zen urcité odlidnosti, které se tykaji
rozsahu onemocnéni v dobé diagnozy, histopatologic-
kych vlastnosti nadord a pouzitych léebnych modalit.
Diagnosticky algoritmus vyzaduje spolupraci détského
gynekologa a onkologa. Vzhledem k vyskytu lokalizo-
vanych stadii a dobré diferenciaci tumor( pfevazuje
monoterapie prezentovana chirurgickou lécbou, a to
zejmeéna v podobé radikalnich fertilitu zachovavajicich
vykonU. Péce o pacientky by méla byt soustredéna do
onkogynekologickych center.

KLiCOVA sLovA

ovarialni epitelidlni malignity, adolescence,
fertilitu zachovavajici chirurgicka l1écba,
chemoterapie

Ces. Gynek.,, 2014, 79, & 2, 5. xx-xx

uvob diagnostikovano kolem 60 tisic novych malignich

V Evropé pfipadd na vékovou kategorii ado- onemocnéni, incidence zhoubnych nadort ve
lescentt (tj. 15-19 let) méné nez 0,3 % ze viech vékové kategorii adolescentli se pohybuje ko-
invazivnich nadorti [2]. V Ceské republice jerotné lem 15/100 000/rok, v absolutnich ¢islech je tedy
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rofné diagnostikovano v této vékové kategorii
90-100 novych nadori. Ovarialni malignity pfed-
stavujiz hlediska zachytu v nasi Zenské populaci
druhou nejcastéjsi skupinu gynekologickych ma-
lignit, podle Narodniho onkologického registru
(NOR) byla v roce 2010 incidence 20,6/100 000/
rok, coZ odpovida absolutnimu poctu 1107 novych
onemocnéni.

Adolescentky se podileji na této incidenci zcela
minoritné, podle idaji NOR se incidence zhoub-
nych nador vajecniki v horizontu poslednich
30 let pohybuje u adolescentek v rozmezi 0-2,46,
v absolutnich ¢&islech je to 0-8 novych pfipad
rocné, celkem bylo v ¢asovém obdobi 1977-2010
v této vékové kategorii diagnostikovano 149 ova-
rialnich malignit.

Posledni dostupné tidaje z roku 2010 udavaji
incidenci 0,7, cozZ jsou pouze 2 nové ptipady
[14]. Ve spektru ovaridlnich malignich nalezii
v adolescentnim véku na rozdil od dospélych
a starich Zen prevladaji nadory germinalni,
zatimco epitelialni malignity a borderline tu-
mory predstavuji podle statistik pouze 16-20 %.
Parametry mortality jsou u adolescentek niz-
81, cozZ je podminéno urcitymi specifiky, ktera
se tykaji casného zachytu a histopatologickych
charakteristik ovaridlnich nadorti [3]. S tim tz-
ce souvisi i moZnosti terapie, pomérné casto
jde pouze o modalitu chirurgickou s mozZnosti
radikalniho fertilitu zachovavajiciho onkogy-
nekologického vykonu,

Rizikové faktory ovaridlnich epitelidlnich ma-
lignit majivztah k reprodukénim funkcim a jsou
to faktory hormonalni (rizika piedstavuji dlouhé
menoaktivni obdobi, absence gravidity), faktory
zevniho prostfedi (obezita) a faktory hereditarni.
Vzhledem k popisované vékové skupiné se pied-
poklada Gcast zejména faktori hereditarnich
(mutace tumor supresorovych genii BRCA1la 2,
Lynch syndrom typ II), Z hlediska klinickych pti-
znaki je skupina adolescentl rovnéz odlisna od
dospélych a stardich pacientek, u kterych je 75 %
pfipadi diagnostikovano v pokrocilych stadiich
Il a IV s pritomnosti ascitu.

U adolescentil je nemoc v dobé diagnozy vétsi-
nou lokalizovana s pfitomnosti velkoobjemového
nadoru, Vétsina pacientek je asymptomatickych
a jde o nahodny nalez se zvét§enim objemu bfi-
cha s podezienim spiSe na graviditu. ZvétSeni
objemu bficha je zptisobeno nikoliv ascitem,
ale velkoobjemovym tumorem. Mohou byt sa-
moziejmeé piitomny i nespecifické bolesti bficha
a pfiznaky z utlaku panevnich struktur (obstipa-
ce, dysurie) [1].

Diagnosticky algoritmus adolescentnich paci-
entek ma podobny zaklad ve spektru obligatornich
(ev. fakultativnich) stagingovych vySetfeni jako
u dospélé populace, vyznaluje se viak urcitymi
specifiky. Jednim z nich je nutnost spoluprice
s détskym gynekologem u virgindlnich pacien-
tek k zajisténi objektivniho vySetfeni. Expertni
onkogynekologicky ultrazvuk, ktery je zakladni
zobrazovaci vySetfovaci metodou, je realizovan
transabdomindlnim, ev. transrektalnim pfistu-
pem [6]. Vzhledem k rozloZeni histopatologickych
typl je vhodné pfi predoperacni diagnostice dopl-
nit vy8etieni epitelidlnich tumor markerii (CA 125,
CEA) o markery germindlnich tumord (tedy AFP,
beta-hCG, inhibin, LDH). Histopatologicky se do-
minantné vyskytuji jak u malignit, tak u border-
line tumora varianta serézni a mucindzni, ostatni
zou. Odlisnost od populace dospélych nemocnych
se tyka i stupné diferenciace tumori, kterd ma
prognosticky vyznam a u ¢asnych stadii je dllezita
v rozhodovani o adjuvantni chemoterapii, Celkem
84 % nemocnych adolescentek je postiZzeno dobfe
diferencovanyminadory (5, 7]. O biologickych cha-
rakteristikach epitelovych malignit adolescentek
jeinformaci malo, tykaji se zejména mutaci BRCA
1a 2, které by mély byt u nemocnych vySetfeny.
Cytogenetickym vySetfenim se zjistuji komplexni
zmény karyotypu, coZ je narust genetického ma-
teridlu na chromozomu 11p, 12, 18, 19p, popfipadé
ztrata chromozomu 17 nebo X [10].

Zakladni lé¢ebnou modalitou je terapie chirur-
gicka. Kvalitni pfedopera¢ni diagnostika umoz-
nuje adekvatné informovat pacientku a jeji rodi-
nu o moznych variantach feseni patologického
nalezu, pfifemz chirurgicka 1écba by méla byt
jednoznacné soustfedéna do onkogynekologickych
center, Podle statistik NOR je v této vékové skupiné
zachyceno v ¢asnych stadiich nemoci (tj, ve stadiu
IalIl) v priméru 65-75 % novych onemocnéni [14],
Z toho rezultuje opodstatnénd snaha o provadéni
fertilitu zachovavajici radikalni chirurgie, samo-
zfejmé pfi striktnim naplnéni podminek pro tento
typ vykonu. Principem fertilitu zachovavajiciho
vykonu je ponechani délohy a jednoho ovaria,
v piipadé oboustranného adnexalniho postiZeni
je ponechana pouze déloha, ale tato Zena je jiz
odkazana na techniky asistované reprodukce s vy-
uZitim programu darcovstvi oocytl. Konzervativni
operace je mozna pii kompletnim chirurgickém
stagingu u stadia Tla (ev. T1b s ponechdnim pouze
délohy) u dobfe a stfedné diferencovanych tumort,
pokud jde o histologicky typ serézni, mucindzni
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nebo endometroidni. U endometroidniho histo-
typu je nutné doplnit hysteroskopii s bioptickou
verifikaci endometria. Pacientka musi byt sou-
Casné poucena o vy$sim riziku recidivy. Fertilitu
zachovavajici radikalni vykon zahrnuje odbér pe-
ritonealni tekutiny nebo lavaz ve standardnich
lokalitach, ev, brani¢ni stéry, cilené biopsie z pe-
ritonea pfedni exkavace, panevnich stén a pa-
rakolickych prostor, soucasné i biopsii ze vSech
suspektnich loZisek nebo adhezi v oblasti panve
a dutiny bfisni, omentektomii, apendektomii,
panevni a paraaortalni lymfadenektomii a jedno-
strannou nebo oboustrannou adnexektomii podle
stadia onemocnéni [13]. Castéji se u mladsich Zen
setkavame s borderline ovaridlnimi tumory, které
maji lepsi progndzu a nizsi riziko recidiv. Ve srov-
nani s invazivnim karcinomem jsou pfiznivéjsi
podminky pro zachovani ovaria nebo jeho ¢asti,
racionalni je vSak provadét resekéni vykony pouze
pii bilateralnim postiZzeni nebo pfi jednostranné
adnexektomii v anamnéze vzhledem k rizikiim
recidivy [8, 9]. Rozsah fertilitu zachovavajiciho
vykonu je mens$i neZ u invazivniho karcinomu,
kromeé adekvatniho vjkonu na adnexech se provadi
odbér peritonealni tekutiny nebo lavaz ve stan-
dardnich lokalitich, random biopsie, soucasné
i exstirpace véech suspektnich loZisek nebo adhezi
a zvétSenych lymfatickych uzlin v retroperitoneu
ainfrakolickd omentektomie, naopak systematic-
ka lymfadenektomie nepatii do standardu vykonu
[4]. V piipadé nesplnéni podminek pro konzerva-
tivni vykon u invazivniho karcinomu je indikovan
kompletni chirurgicky staging, véetné odstranéni
délohy a obou adnex, podle stadia nemoci je pak
ev. indikovana adjuvantni chemoterapie, ktera
je realizovdna zpravidla na pracovisti détské on-
kologie. V pfipadé, Ze je optimalni cytoredukce
s makroskopicky nulovym reziduem nepravdépo-
dobnd, je mozné vyuZit rovnéz koncept bioptické
verifikace s neoadjuvantni chemoterapii a odloze-
nou primdrni cytoreduktivni operaci [12].

Na naSem pracovisti jsme v obdobi od ledna
2012 do Cervna 2013 zaznamenali 2 pfipady epite-
lidlnich malignit v adolescentnim véku, v jednom
pripadé jiZ §lo o invazivni karcinom, ve druhém
o recidivujici borderline tumor.

V prvni kazuistice je prezentovana 15letd pa-
cientka, ktera byla na nase pracovisté referovana
pro nalez velkoobjemového tumoru panve a dutiny
bfisni, pravdépodobné ovaridlniho orriga. Jeji
rodinna i osobni anamnéza, véetné onkologické,
Dbyla negativni. Menstruovat zacala ve 12 letech,
menstruacni cyklus v dobé diagnoézy byl pravidel-
ny. Slo se o virginalni pacientku, bez medikace
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hormonalni antikoncepci, s pfiméfené vyvinuty-
mi sekunddmimi pohlavnimi znaky. Z pohledu
aktualniho objektivniho nalezu udavala asi1l4 dni
zvétSovani obvodu bficha a tlakové bolesti bficha.
Objektivni nilez byl charakterizovin vyklenutim
bfisni stény nad niveau, pfi objektivnim vysetfeni
byl nalez verifikovan jako polotuha tumordzni
rezistence vystupujici dva prsty nad pupek, nalez
pfi vaginoskopii byl negativni, Pfi abdominalnim
ultrazvukovém vySetfeni byla patrna drobna délo-
hautlacena nehomogenni rezistenci s pfevazujici
solidni slozkou, vyrazné vaskularizovana, rozmeéri
20 x 11 x 10 cm, bez pritomnosti ascitu. Nadorové
markery byly negativni, pouze se zjistila hrani¢ni
hodnota CA 19-9 a mirna elevace CA 72-4, dalsi
soucasti obligatorniho stagingu byly negativni.
Pacientka byla indikovana k probatorni laparoto-
mii. Z peropera¢ni histologie byl referovan dob-
fe diferencovany mucindzni cystadenokarcinom
(obr. 1), Po tevizi pinve a dutiny bfisni, kde nebyly
shledany makroskopické projevy diseminace na-
doru, byl proveden radikalni fertilitu zachovava-
jici vykon s ponechanim délohy a makroskopicky
intaktnich kontralateralnich adnex, VSechny dalsi
odebrané tkané byly podle definitivni histologie
jiZ bez nalezu nadorovych zmén (vietné cytolo-
gie), bylo ziskano celkem 43 lymfatickych uzlin
(27 panevnich a 16 paraaortalnich). Definitivni
histologie potvrdila plivodni pfiznivy histotyp
i grading nadoru a pacientka byla pfevedena do
dispenzarni péce.

Druhé kazuistické sdéleni se tyka pacientky
s recidivujicim borderline tumorem. Prvni zachyt
patologie v oblasti adnex byl ve véku 14 let, kdy
byla pacientka pfijata na pracovisté détské chirur-
gie s pfiznaky nahlé pfihody biisni a pfitomnosti
cystické rezistence v dutiné bfisni. Jednalo se
o obézni, virgindlni pacientku s negativni rodin-
nou i osobni anamnézou, véetné onkologické.
Menstruovat zacala ve 13 letech, menstruacni
cyklus v dobé diagnézy byl nepravidelny, bez
hormonalni medikace. Operacni vstup byl veden
chirurgem laparotomicky s naslednym pfivola-
nim gynekologa. Byl zjiStén hladkosténny tumor
20 x 17 x 15 cm, ktery vychazel z peritonealniho
listu nad levymi adnexy, jinak nalez v peritone-
alni dutiné negativni, vcetné intaktniho levo-
stranného ovaria. Definitivni histologicky nalez
byl odecten jako serézni borderline tumor. Po
¢tyrech mésicich pfi kontrole byla detekovana
rezistence 7 x 5 x 4 cm v oblasti pravych adnex,
anechogenni s endofytickou, nevaskularizovanou
prominenci priméru 2 cm do lumina, stagingova
vySetfeni byla negativni, véetné tumor markert,
Byla provedena laparoskopicka exstirpace cysty se
zachovanim pouzdra a extrakci prepardtu v endo-
bagu. Peroperatni kryovysetfeni nalez uzavtelo



jako serézni cystadenofibrom,
definitivni histologie ndlez
korigovala na seromucinézni
borderline tumor s negativ-
ni lavazi. Po konzultaci s ro-
dinou pacientky byl zvolen
observacni postup, pii dalsi
kontrole po ¢tyfech mésicich
byl negativni nalez v oblasti
adnex bilaterdlné. Pii dalsi
kontrole po osmi mésicich od
druhého vykonu se vSak ob-
jevila recidiva cystické rezis-
tence v oblasti pravych adnex,
velikosti 4 x 4 x 3,5 cm S ne-
vaskularizovanym endofytem
priméru 1,5 cm vlumen cysty
a drobnocysticky zménénym
povrchem v rozsahu pfibliz-
né jedné Ctvrtiny pfi negativ-
nim dalS$im stagingu, vCetné
tumor markerd. V této fazi

jizDbylo indikovano vzhledem opy. 1 Muycinézni cystadenokarcinom

k anamnéze pacientky prove-
deni pravostranné adnexek-
tomie, peroperacni i defini-
tivni histologii byl vysloven
identicky zavér, tj. recidiva
seromucinézniho borderline
tumoru (obr. 2). Dalsi ode-
brané tkané, tj. infrakolické
omentum a biopsie z perito-
nea i lavaz byly bez nélezu
malignich bunék. Nyni je
pacientka v dispenzarni péci
s dvéma negativnimi kon-
sekutivnimi kontrolami.

ZAVER

Ovarialni epitelidlni ma-
lignity adolescentek pred-
stavuji raritni skupinu gy-
nekologickych malignit.
VétSinou jsou lokalizované
v dobé diagnézy, maji nizsi

stupenl malignity a méné ag-

resivni chovani neZ u dospé- oObr.2  Seromucinézni borderline tumor

lych a starSich Zen. Zachyt

v inicidlnich stadiich umoz-

nuje statisticky castéji provedeni radikalniho, ale
fertilitu zachovavajiciho onkogynekologického
opera¢niho vykonu. Ve shodé s ¢asnéjsi diagné-
zou je i lep$i prognodza, pétileté prezivani se tyka
az 85 % pacientek [11]. Pravidelna dispenzarni
péce je indikovana, ale vysledky nezlepsuje, coz
je ve shodé s obecnym nahledem na problematiku

dispenzarni péce onkogynekologickych pacien-
tek. Z lidského pohledu predstavuje tato skupina
diagnoz vysoce citlivou oblast onkogynekologie,
ktera z odborného hlediska vyZaduje vysoce in-
dividualizovany piistup, spolupraci s rodinou
pacientky a ve vlastnim diagnosticko-terapeutic-
kém algoritmu zapojeni nejen onkogynekologa,

2014,79,¢.2  CESKA GYNEKOLOGIE

117

101



102

ale i dal8ich subspecializaci, pfedev§im détského
gynekologa a détského onkologa.
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5.2. Specifika opera¢ni erudice onkogynekologa (problematika systematické

retroperitonealni lymfadenektomie)

Operacni 1écba je zdkladni modalitou lécby gynekologickych malignit a ma kromé
terapeutického vyznamu rovnéz vyznam stagingovy. Chirurgicky staging je pies rozvoj
modernich zobrazovacich metod nejpfesnéjsi nastroj klasifikace nemoci. Neoddiskutovatelné se
to tyka predevsim Casnych stadii nemoci, kde umozni odhalit subklinické metastatické postizeni,
které stoji mimo rozliSovaci schopnost soucasnych zobrazovacich metod [51]. Nedilnou soucasti
chirurgického stagingu je zjiSténi stavu regionalnich lymfatickych uzlin, ktery je u vétSiny
adjuvantni terapie [119-121]. Diskutovan je rovnéZz terapeuticky vyznam systematického
odstranéni metastaticky postizenych miznich uzlin [122-125].

I ptes dynamicky rozvoj konceptu biopsie sentinelové uzliny v gynekologické onkologii, ktery je
jednoznacéné raciondlni a spojeny s profitem snizovani morbidity operovanych pacientek, zlstava
systematickd lymfadenektomie dilezitou soucasti radikdlnich onkogynekologickych operaci.
Tukové-lymfatickd tkan, ktera je odstrafiovana Vramci systematické lymfadenektomie, je
anatomicky lokalizovana podél velkych magistralnich cév. Kromé& karcinomu vulvy a dolni ¢asti
pochvy, které jsou drénovany do lymfatickych uzlin v inguinofemoralni oblasti, je svodnou
lymfatickou oblasti pro ostatni nadory oblast panve, resp. panve a dolniho bficha az do vyse
prabéhu renalnich zil.

V pribéhu retroperitonedlni preparace jsou cévni struktury zidkladnim vedoucim bodem
pro operatéra. Detailni znalost cévni anatomie a povédomi o moznych anomaliich je zakladnim
predpokladem uspeésné operace. Anomadlie embryondlniho vyvoje prezentujici se v podobé
duplicit, akcesornich vétvi nebo atypického pribéhu se tykaji obou typl cévnich struktur.
Onkogynekologicky operatér musi byt v této problematice orientovan, nebot’ dle literarnich

udajt jsou cévni anomalie pomérné Casté. Frekventnéji se tykaji systému zilniho, kde prevalence
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variruje v rozmezi 0,1-43%, zatimco u systému arteridlniho je to 9-31% [126]. Rizikovéjsi
anatomicka lokalizace z hlediska zdvaznosti hemoragickych komplikaci je oblast suprapelvicka,
zejména infrarendlni. V zilnim systému se nejéastéji anomalné projevuje utvaieni levostranné
ledvinné zily s variantou jeji duplikace a retroartalniho pribéhu, v systému arteridlnim zase
variety tykajici se rendlni arterie s pfitomnosti poélovych cév [127-129]. Nedostate¢na erudice a
cévni poranéni v prib¢hu vykonu mohou rezultovat az v zivot ohrozujici krvaceni, mohou byt
rovnéz pii¢inou komplikaci pooperacnich (trombembolické piihody v souvislosti s nasténnym
cévnim poranénim, ¢astecny infarkt ledviny pifi podvazu ptislusné pélové ledvinné tepny atd.).
Nezbytnosti je tedy nejen adekvatni operacni technika podpofend dokonalou znalosti anatomie a
respektovani specifik otevieného a miniinvazivniho pfistupu pfi retroperitonealni chirurgii, ale
soucasti zakladni erudice onkogynekologa by méla byt rovnéz schopnost docasného nebo
trvalého feSeni vzniklych krvacivych komplikaci v zavislosti na jejich povaze, rozsahu i mozném
forenznim dopadu. Klinické zkuSenosti autora S touto problematikou jsou prezentovany

v priloze 5.2.1.
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5.2.1. Minaf L, Weinberger V, Felsinger M. Cévni anatomie aortopelvického retroperitonea
a jeji abnormality v souvislosti s radikalni onkogynekologickou operativou-vlastni
zkugenosti. (2017). Ceska Gynekologie, 82(2), pp. 100-107.
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Cévni anatomie aortopelvického
retroperitonea a jeji abnormality
v souvislosti s radikalni
onkogynekologickou operativou -
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Vascular anatomy and abnormalities of retroperitoneal
pelvic and paraaortic area in relation to the radical
oncogynecological surgery - individual experiences
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ABSTRACT

Objective: The overview of vascular anatomy and ab-
normalities of retroperitoneal pelvic and paraaortic area
in relation to the radical oncogynecological surgery.
Design: Retrospektive study.

Setting: Gynecologic Oncology Center, Department of
Obstetrics and Gynecology, Faculty of Medicine, Masaryk
University and University Hospital Brno.

Material and methods: The overview of visualized
vascular anatomy of retroperitoneal pelvic, infrare-
nal suprapelvic and subhepatic area in relation to the
radical oncogynecological surgery. Presentation of

physiological vascular anatomy. Summary of the most
common abnormalities and potential complications in
terms of vascular injury. Basic management of these
complications from the viewpoint of oncogynecoloagist.
Conclusion: The perfect knowledge of vascular ana-
tomy and its possible abnormalities has represented
an absolute necessity for uncomplicated course and
sufficient extent of radical surgery.
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pelvic and paraaortic retroperitoneal area, vascular
anatomy, vascular abnormality, vascular injury
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Cil studie: Prehled cévni anatomie a jejich abnormalit
v oblasti aortopelvického retroperitonea v souvislosti
s radikalni onkogynekologickou operativou.

Typ studie: PGvodni prace - retrospektivni studie.
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Material a metodika: Prehled vizualizovatelné cévni
anatomie retroperitonea v oblasti pelvické, infrarenalni
suprapelvické a subhepatalni v ramci radikalni onkogy-
nekologické operativy. Prezentace fyziologické cévni

anatomie, prehled nejcastéjsich abnormit a potencial-
nich komplikaci ve smyslu poranéni cévnich struktur a
zakladni nastin jejich feSeni z pohledu onkogynekolo-
gického operatéra.

Zaveér: Dokonald znalost anatomie v&etné cévnich struk-
tur a jejich moznych abnormit je naprostou nezbytnosti
pro nekomplikovany prabéh a suficientni rozsah radi-
kalni onkogynekologické operace.
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Systematicka aortopelvickd lymfadenektomie
predstavuje stale nedilnou soucast radikalni on-
kogynekologické operativy i pfes jednoznacnou
snahu smértujici k zavedeni konceptu lymfa-
tického mapovani s biopsii sentinelové uzliny
u fady gynekologickych malignit. Stav regio-
nalnich lymfatickych uzlin piedstavuje zasadni
prognosticky faktor a rozhodujici kritérium pro
aplikaci adjuvantni terapie [23]. Systematicka
lymfadenektomie je provadéna v indikovanych
pfipadech v ramci kompletniho chirurgické-
ho stagingu, pfedmétem diskusi je rovnéz jeji
terapeuticky vyznam (28]. Systematicka aorto-
pelvicka lymfadenektomie je urCena pro epite-
lidlni malignity ovaria, vejcovodu, primarné
peritonedlni karcinom, high risk typy karcinomu
endometria, karcinosarkomy a high grade sar-
komy délozniho téla [1, 9]. MiiZe byt provedena
(v téchto piipadech smysluplné vzdy s vyuzitim
miniinvazivniho pfistupu) rovnéz u primar-
né inoperabilnich karcinomt déloZniho hrdla
v predlé¢ebném stagingu lymfatickych uzlin.
Izolovana paraaortalni lymfadenektomie je in-
dikovana v nékterych pfipadech germinalnich
ovaridlnich malignit (napf. dysgerminom) [19].
U karcinomu délozniho hrdla je mozné doplnit
paraaortalni vykon jako jednu z moznosti dalSiho
1écebného postupu pii pozitivité pAnevnich uzlin
[21], pelvicka oblast je svodnou lymfatickou ob-
lasti rovnéZ pro karcinomy proximalni pochvy.

Systematicka aortopelvicka disekce tukové-lym-
fatické tkané je vykon standardné provadény onko-
gynekologickymi operatéry na tirovni regionalnich
onkogynekologickych center. Rutinni provedeni
vykonu vyZaduje urcitou learning curve podloze-
nou dokonalou znalosti anatomickych struktur
inkriminované oblasti. VZdy je nutno pocitat s nej-
riznéjsimi tskalimi, kterd se mohou v pribéhu
yykonu vyskytnout. Mezi né patii i rizné variety
a abnormality usporadani magistralnich cévnich
svazki a jejich vétvi [10], které pritom predstavuji
jeden ze zakladnich orientacnich bod pfi viastnim
provedeni vykonu.

Kromé provedeni systematické aortopelvické
lymfadenektomie by méla k zadkladni erudici
onkogynekologického operatéra patfit rovnéz
schopnost orientace v oblasti horniho bficha,
ktera je nezbytna pro adekvatni rozsah operac-
nich vykont u karcinomi vychazejicich zejména
z déloznich adnex nebo peritonea. I zde jsou
oblasti patfici sice historicky do erudice bfis-
nich chirurgli, nicméné znalost jejich existence
a anatomie je faktorem, ktery miZze vyraznou
meérou prispivat k dosazeni kyZeného cile, tedy
makroskopicky nulového rezidua na konci ope-
race [13].

VLASTNIi POZOROVANI
Pelvicka oblast

Pi panevni lymfadenektomii je pfi systematic-
kém vykonu odstrafiovana tukové-lymfaticka tkan
podél vasa iliaca communis, vasa iliaca externa,
vasa iliaca interna, z obturatorni fossy a z oblasti
presakralni. Distaln{ hranici disekce piedstavuje
oblast prechodu externich ilickych cév do tiiselné-
hokanalu, konkrétné Giroven premostujici Zily, tj.
vena circumflexa ilium profunda, kterou doprovazi
stejnojmenna arterie (obr. 1). V oblasti obturatorni
fossy je tukové lymfaticka tkan oddélena od stydké
kosti, zde je zpravidla pti disekci patrna varikdzni
vétev, ktera dale bézi po hornim raménku stydké
kosti, tzv. corona mortis Hesselbachi. Alespori
mala Zila se na tomto misté vyskytuje témeér kon-
stantné, Pfichazi z canalis obturatorius, podle
anatomické nomenklatury se jedna o vena obtu-
ratoria accessoria. Tepna se zde nachdazi asi ve 25 %
pfipadi jako spojka mezi arteria iliaca externa
(resp. pubickou vétvi arteria epigastrica profunda)
a pubickou vétvi arteria obturatoria [7]. Kaudalné
se tkan odstranuje z oblasti kolem obturatorniho
nervové cévniho svazku a smérem proximalnim
od interniho ilického cévniho svazku. Na vytvoie-
ni medidlni hranice v obturatorni fosse se podili
kmen umbilikalni arterie odstupujici z arteria
iliaca interna.

"

Obr. 1 Distalni hranice panevni lymfadenektomie ve vztahu
k externim ilickym cévam vpravo (vSechny obrazky z archivu
autora)

1-v. lliaca externa, 2 - a. iliaca externa, 3 - v. circumflexa ilium
profunda, 4 - n. genitofemoralis

Pii preparaci tkané je riziko poranéni variabil-
nich zilnich anastomaz v oblasti obturatorni fossy
(14], které lze zpravidla vyresit kombinaci kom-
prese horkou rouskou a koagulace, ev. zalozenim
ligatury, alternativou je uZiti lokalné ptisobicich
hemostatickych prostfedki s obsahem fibrinoge-
nu a trombinu [25]. Zavaznéjsi je poranéni kmene
vnitin{ ilické Zily, které je nutno zpravidla resit
opichem, nékdy i tiplnou resekci Zily [20]. Resekce
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vnitini ilické tepny (obr. 2) je v onkogynekologii
vyhrazena pro piipady jinak peroperacné nefe-
Sitelného arteridlniho krvaceni z vétveni toho-
to cévniho kmene (20], je provadéna rovnéz pti
lateralné extendované radikalni hysterektomii
typu D [6]. Pfi odsunuti externiho a spolecného
ilického cévniho svazku medidlné odstrafiujeme
tkan kolem glutedlnich zil, kde je pti preparaci
nutno postupovat s adekvatni obezretnosti, ne-
bot pfi jejich poranéni je tato oblast anatomicky
velmi $patné piistupna (obr. 3). Proximdlni hra-
nici panevni lymfadenektomie piedstavuje oblast
aortalni bifurkace vznikajici spojenim spole¢nych
ilickych artérii. Distalné od bifurkace se nachazi
oblast presakralni. Pfi preparaci této oblasti mize
dojit k drobnéjsim lézim predni stény spole¢nych
ilickych zil feSitelnych zpravidla kompresi hor-
kou rouskou nebo cilenym opichem, centralné
po periostu probihd vendzni pleteni vena sacralis
mediana, kterd muze byt varikézné zménéna (obr.

Obr. 2  Oblast resekce arteria iliaca interna vpravo
1- resekovany pahyl a. iliaca interna, 2 - v. iliaca externa, 3 - a. iliaca
externa, 4 - n. genitofemoralis, 5. - m. psoas major

Obr. 3  Oblast bifurkace vena iliaca communis vpravo
(laparoskopicky pohled)

1- hifurkace v. iliaca communis, 2 - odstup kmene v. iliaca interna, 3 -
v. obturatoria, 4 - v. glutea superior, 5 - n. obturatorius
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Obr. 4  Presakralni oblast

1-v. iliaca communis dx., 2 - a. iliaca communis dx., 3 - v. iliaca
communis sin., 4 - a. iliaca communis sin., 5 - v. sacralis mediana, 6 -
ureter sin,, 7 - lymphonodus

Obr. 5 Duplicita vena iliaca communis vlevo
1-v. cava inferior, 2 - aorta, 3 - a. iliaca communis dx., 4 - duplexni v.
iliaca communis sin., 5 - ureter sin.



4), Abnormality v utvafeni magistralnich ilickych
svazki se tykaji dominantné spole¢nych ilickych
Zil[17], z nadi klinické praxe uvadime piiklad dupli-
katury levostranné vena iliaca communis (obr. 5).

Suprapelvicka oblast

Oblast suprapelvické lymfadenektomie je
ohranicena distdlné bifurkaci aorty a proximal-
né pribéhem levostranné rendlni zily, Tukové
lymfaticka tkan by méla byt disekovana z ob-
lasti preaortalni, paraaortalni a retroaortalni,
z identickych lokalit kolem dolni duté Zily a z ob-
lasti interaortokavalni. Typickd anatomie této
oblasti v Zilnim feciSti je dana pravostrannym
pribéhem vena cava inferior. Tato Zila ma diky
sloZitému embryonalnimu vyvoji Cetné variety
vyskytujici se v asi 1,5-4,4% ptipadu [17, 26]. Pfi
lymfadenektomii této oblasti se tedy podstat-
né Castéji vyskytuje moznost poranéni infrare-
nalniho useku dolni duté zZily. Mezi velké zilni
anomalie tykajici se suprapelvické oblasti patfi
levostranna vena cava inferior (2, 12, 15 zpravidla
ve spojenti se situs viscerum inversus nebo dupli-
kace dolni duté Zily, kdy Zila vede vpravo i vlevo
od patefe [4, 24]. Odstupuje v tomto piipadé od
spojeni vena iliaca interna dextra s vena iliaca
communis sinistra [3]. Jeji primér mtize byt
prakticky stejny jako prumér fyziologicky vpravo
uloZené dolni duté zily. V literatufe popisovanou
anomalii je rovnéz perzistence tzv. vena cavalis,
ktera spojuje vena iliaca communis dextra a vena
renalis dextra [11].

Dal$i anomadlie se tykaji vétvi usticich do
dolni duté zily, zejména se jednd o anomalni
utvareni a pribéh ledvinnych cév, zatimco ova-
ridlni cévy zpravidla zachovavaji typickou ana-
tomickou morfologii [7, 27]. Prava ovarialni Zila
zpravidla usti do dolni duté Zily priblizné Sest az
sedm centimetrdi proximalné od jejiho kofene
a zpravidla jeden centimetr distalné od pravé
renalni Zily, vzacnéji miiZe také tstit pfimo do
pravé rendlni Zily. Leva ovaridlni zZila obvykle sle-
duje pritbéh levého ureteru a vlevo od aorty tsti
do stejnostranné renalni zZily. Obdobny pribéh
maji arterialni ovarialni kmeny, pravy odstupuje
z predni stény aorty priblizné pét az Sest cm nad
bifurkaci aorty, levy zpravidla z levé renalni ar-
terie (obr. 6). Pfilymfadenektomii pferusujeme
vzdy pravostranny cévni svazek, ktery je mozno
cely disekovat v ramci ponechaného rezidua in-
fundibulopelvického vazu po jeho preruseni pri
adnexektomii.

Rizikovou lokalitou z hlediska poranéni je
oblast kofene dolni duté Zily a tsek pfiblizné
dva az tfi cm proximalné s konstatné se vysky-
tujicimi perforatory, tzv. fellow veins. Ty dré-
nuji tukoveé lymfatickou tkan adherujici k dolni

Obr. 6  Fyziologie infrarenalni suprapelvické oblasti

1-v. cava inferior, 2 - Usti v. ovarica dx., 3 - v. renalis sin., 4 - pahyly
v. ovarica sin,, 5 - odstup a. ovarica dx., 6 - a. mesenterica inferior,
7-aorta

duté zile, V literarnich zdrojich je mozno najit
prace popisujici distribuci a strukturu téchto
drobnych Zil Gsticich do pfedni stény dolni duté
zily. Primérny pocet udavanych zil je 3,33 s roz-
délenim do tfi arovni, pficemz v trovni I bylo
nalezeno 20 % zil a v urovnich II a III bylo nale-
zeno 40 % drobnych Zil, Z hlediska morfologie
je popisovano neobvyklé uspofadani cévni stény
dolni duté zily, do které vstupuji drobné zily
preformovanym rukavovitym kanalem a v niz
jsou ukotveny v blizkosti jejiho lumen. Tento
poznatek je klicovym mechanismem objasnuji-
cim snadné vytrZeni téchto Zil béhem operacnich
vykoni [26]. OSetfeni téchto 1ézi zpravidla necini
vyraznéjsi potiZe, bodovou 1ézi 1ze Casto vyfeSit
pouhou kompresi horkou rouskou, v pfipadé
vétsi 1éze je nutny cileny opich, alternativou je
ptiloZeni hemostatického preparatu [25]. ZvySené
riziko traumatu Zilni stény je pfitomno rovnéz
v piipadé metastatické lymfadenopatie dopro-
vazené patologickou neovaskularizaci a pevnou
adhezi paketu na cévni sténu (obr. 7).

Ze zadni stény aorty a dolni duté Zily vychazeji
tfi az Ctyfi pary lumbalnich cév, proto disekce
v retroprostoru obou magistralnich kment musi
byt provadéna s nalezitou opatrnosti pii znalosti
této skutecnosti, stejné tak exstirpace hlubokych
interartokavalnich uzlin [5]. Probihajici lumbalni
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Obr. 7 Inframesentericka oblast s exstirpovanou bulky
metastazou

1-v. cava inferior, 2 - aorta, 3 - a. iliaca communis dx., 4 - ureter dx,,
5 - bulky uzlinovéd metastaza

Obr. 8 Fyziologie infrarendlni suprapelvické oblasti
(laparoskopicky pohled)

1-v. cava inferior, 2 - aorta, 3 - v. ovarica dx., 4 - v. renalis sin,, 5 - a.
mesenterica inferior

cévy je mozno preventivné koagulovat a prerusit,
¢imz snizujeme riziko disrupce cévni stény na ji-
ném misté pii tahu za disekovanou tkan. V piipadé
poranéni zadni cévni stény je 1éze velmi obtiZné
dostupnad, je nutné odsunuti a caste¢né pretoceni
cévni stény za podminky dostatecné mobilizace
dolni duté Zzily, v piipadé aorty se pro adekvatni
naloZeni stehu neobejdeme bez aplikace cévnich
svorek nad misto poranéni a pod néj pti jeji sou-
Casné dostatecné mobilizaci. Alternativou mtze
byt v pfipadé poranéni zilni stény aplikace hemo-
statickych preparatii obsahujicich komponenty
fibrinogenu a trombinu [25].

Pri preparaci v oblasti preaortalni je nutno
vénovat pozornost odstupu arteria mesenterica
inferior. Tento kmen odstupuje z pfedni stény
aorty tfiaz Ctyri centimetry nad aortalni bifurkaci
(obr. 8). Navazuje krevnim zasobenim na horni
mezenterickou tepnu, pfi¢emz anastomadzou s ar-
teria colica dextra vytvari tzv. anastomosis magna
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Obr. 9 Duplicita levostranné vena renalis s retroaortalnim
soutokem

1-v. cava inferior, 2 - v. renalis sin. duplex, 3 - aorta, 4. - a.
mesenterica inferior, 5 - v. ovarica sin.

Obr. 10 Akcesorni pravé pdlovd arteria renalis pfi sou¢asném
retroaortalnim pribéhu levostranné vena renalis

1-v. cava inferior, 2 - a. renalis accesoria dx., 3 - ureter dx., 4 - v.
renalis sin., 5 - a. mesenterica inferior

Haleri. Tepna piivadi krev prostiednictvim dal-
$iho vétveni pro zbytek colon transversum, pro
colon descendens, sigma a jako arteria rectalis
superior pro rektum, pfi¢emz zde anastomdzuje
s parovou arteria rectalis media odstupujici z ar-
teria illiaca interna [7]. To umoZnuje caste¢nou
(ne vSak zcela dostacujici) kompenzaci v pripadé
obstrukce nékteré z pfedchazejicich tepennych
vétvi, V piipadé iatrogenniho pferuseni odstupu



dolni mezenterické arterie je vzdy nutno zvazit
reimplantaci tepny cévnim chirurgem.

Hlavni Gskali s rizikem poranéni zZilnich kme-
nu suprapelvicky se tyka anomalniho utvareni
odstupu renalnich zil, zejména Zily levostranné
[14, 16]. Typicka anatomie je pfedstavovana pre-
aortalnim pritbéhem levé renalni Zily, ktera byva
v primeéru dvojnasobné délky ve srovnani s pravou
renalni vétvi. Kaudalné zilu dopliiuje tepenny
kmen. Pomérné castou varietou je vSak retroaor-
talni priibéh levé rendlni vény, na néjz je nutno pii
preparaci kranidlni hranice suprapelvické lymfa-
denektomie vzdy myslet [22]. Retroaortalni priibéh
miiZe byt doplnén i soucasnou zilni duplicitou
(obr. 9), v tepenném systému se na irovni dolniho
pélu ledviny objevuje odstup akcesornich rendl-
nich tepen, které mohou byt pfi preparaci rovnéz
poranény, zejména vpravo vzhledem k prekavalni-
mu pribéhu (obr, 10). Poranéni miiZe rezultovat
v ischemii Casti ledviny [8, 18].

Dalsim komplikujicim faktorem vzhledem
k mozZnosti poranéni renalnich cév je pfitomnost
ptozy ledvin, kdy odstup cév z aorty a dolni duté zi-
ly mtiZe byt lokalizovan az pod tirovni dolni mezen-
terické arterie (obr, 11). Z tohoto divodu je nutna
znalost popisu zobrazovacich metod predoperacné,

Obr. 1
1-v. cavainferior, 2 - a. renalis dx., 3 - v.renalis dx., 4 - ureter dx., 5 -
ren dx., 6 - v. renalis sin., 7 - a. mesenterica inferior

Anatomie suprapelvické oblasti pfi ptéze pravé ledviny

pfi laparotomickém opera¢nim pristupu pak jesté
ev. doplnéna palpacni kontrolou uloZeni ledvin
pred zahajenim suprapelvické lymfadenektomie,

Poranéni magistralnich tepen je méné casté.
Komplikujicim faktorem kromé anomalii typu
akcesornich ledvinnych tepen v§ak miiZe byt napt.
aterosklerdza objevujici se u pacientek vyssiho vé-
ku. Ta mutze byt nékdy piicinou pomérné vyrazné
deviace tepny od jejiho klasického pribéhu, rovnéz
je pfi manipulaci s cévou zvysené riziko uvolnéni
sklerotickych platt (obr. 12).

Obr. 12 Deviace priibéhu magistrélnich tepen v souvislosti

s aterosklerézou

1-v. cava inferior, 2 - aorta, 3 - v. renalis sin,, 4 - a. renalis sin., 5 - a.
mesenterica inferior, 6 - a. iliaca communis dx., 7 - a. iliaca communis sin.

Obr. 13 Anatomie subhepatdlniho retroperitonea
1- hepar, 2 - lizko po cholecystektomii, 3 - lig. hepatoduodenale, 4 -
ductus choledochus, 5 - v. portae, 6 - v. cava inferior

Subhepatalni oblast

Pii radikalni onkogynekologické operativé di-
seminovaného karcinomu ovaria, vejcovodu nebo
primarné peritonealniho karcinomu je zakladnim
cilem dosazeni makroskopicky nulového rezidua,
pficemz nadorova diseminace muzZe byt pfitomna
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kdekoliv na peritoneadlnim povrchu nebo retrope-
ritonedlné v oblasti celé panve a dutiny bfisni.
Nezbytnosti je tedy rovnéZ orientace v oblasti hor-
niho bficha nad trovni rendlnich cév a to se tyka
i oblasti retroperitonea [13]. Pfi kompletni peri-
tonektomii véetné subhepatalni krajiny pfi ev.
doplnéni cholecystektomie v ramci vykonu se tak
dostavame napf. k anatomickému prostoru oblasti
hepatoduodendlniho ligamenta, které mize byt
rovnéz postizeno maligni lymfadenopatii. Jedna
se o strukturu rozprostirajici se mezi jatry a duo-
denem a kromé Cetnych lymfatik majicich vyznam
vnadorové diseminaci obsahuje Zluc¢ovod, vlakna
nervus vagus a dtlezité cévni struktury, tj. jaterni

s v

tepnu a portalni Zilu (obr. 13) [7].

MozZnosti feSeni cévni léze z pohledu
onkogynekologa

Zvladnutd technika operacnich vykoni na
zakladé dokonalé znalosti anatomie je zdkladni
prevenci vzniku moznych komplikaci. Cilem je
udrzet maximalni prfehlednost opera¢niho pole
s vyvarovanim se iatrogennimu poranéni a pec-
livou zastavou krvaceni v priitbéhu operace. Pri
laparotomickém piistupu je neocenitelny i vlastni
palpa¢ni vjem, pfi laparoskopii je duleZitym po-
mocnikem rovnéz tlak vytvofeného kapnoperito-
nea ,,napomahajici“ disekci tkani. v ptipadé vzni-
ku léze je nutna okamzita orientace v moznostech
feSeni vzniklého krvaceni podle rozsahu a typu
poranéni cévnich struktur, PfiZilnim poranéni pti
laparotomickém piistupu prichazi v ivahu kom-
prese horkou rouskou, uziti bipolarni koagulace,
opich monofilamentéznim prolenovym stehem
nebo zajisténi lokalni hemostazy pomoci preparatii
s obsahem fibrinogenu a trombinu [25], u arteri-
alnich poranéni zpravidla vystacime s koagulaci
a piipadnou pojistnou ligaturou jen v ptipadé po-
ranéni nasténnych drobnych vétvi, v ostatnich
ptipadech je nutny opich, nékdy i s uzitim cévnich
svorek umoznujicich prfechodnou lokalni kontrolu
krvaceni a ptipravu operacniho pole pro suturu
1éze. Pri laparoskopickém piistupu je hlavni za-
sadou Setrna disekce s udrzenim ,nekrvavého*
operacniho pole. V piipadé vzniknuvsiho poranéni
je nutno zvazit podle okolnosti schopnost oSetfeni
1éze laparoskopickym pristupem nebo piistoupit ke
konverzi v laparotomii. Pfi laparoskopii dominuje
pouziti bipolarni koagulace, je mozna kompre-
se pomoci tamponu a lokalni hemostdza pomoci
»predrolovanych“ hemostatickych preparati [25]
s moznou inzerci do dutiny peritonealni cestou la-
paroskopického portu. V ptipadé adekvatni erudice
v laparoskopické suturfe je pfi pfiznivych anatomic-
kych podminkach mozné i feSeni endoskopické se
zachycenim mista 1éze ur¢eného k sutufe pomoci
atraumatického tichopového instrumentu, ev.
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isvyuZitim cévnich svorek (napf. pfilézi v oblasti
externich ilickych cév).

ZAVER

Dokonald znalost anatomie retroperitonealnich
prostor majicich vztah k mozné diseminaci gyne-
kologickych malignit je zakladnim pfedpokladem
pro rozvoj operacni erudice onkogynekologa. Cévni
struktury jsou pritom jednim ze zakladnich vodi-
cich bodi pro orientaci v operacnim poli a jejich
rutinni znalost vytvari predpoklad pro suficientni
rozsah radikalni operace. Velice dilezité je rov-
néz povédomi o pritomnosti moznych cévnich
abnormit, které se mohou stat zdrojem zavaznych
peroperacnich i pooperacnich komplikaci. Rovnéz
je nutné se zamérit na rozvoj erudice v feseni téch
komplikaci, které forenzné nevyzaduji intervenci
cévni nebo jiné chirurgické subspecializace.

Préice vznikla za podpory MZ CR
- RVO (FNBr, 65269705).
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5.3. Operacni komplikace radikalnich onkogynekogickych vykonu

Radikalni onkogynekologické operace jsou spojeny s vysSimi parametry morbidity nez klasicka
gynekologicka operativa, nebot’ tyto vykony prezentované kompletnim chirurgickym stagingem
u cCasnych stadii a rozsahlou cytoredukci a exenteracnimi operacemi u pokrocilych stadii
piesahuji rozsah gynekologickych organi. To je spojeno se zvySenym rizikem poranéni
anatomickych struktur jinych organovych systémt, vcetné jejich inervace a prisluSejiciho
lymfovaskularniho aparatu. Poranéni miize byt asociovano S operacni technikou, pouZzitou
operaéni technologii, anatomickou lokalitou a miize se projevit okamzité a/nebo odlozené.
Ziskani specializace v onkogynekologii je zaloZeno na dlouhodobéjsim rozvoji specialni erudice,
kterd musi byt podpofena dokonalou znalosti anatomie piesahujici rozsah gynekologickych
organt [130-132]. Kromé rozvoje praktické erudice je pro prevenci vzniku a redukci zavaznosti
komplikaci naprostou nezbytnosti sledovani a uplatiiovani modernich opera¢nich trendd,
miniinvazivniho pfistupu, rozvoj ,,nerve sparing* technik a implementace moderniho opera¢niho
instrumentéria a novych technologii umoznujicich Setrnou preparaci tkani a bezpecnou zéastavu
krvaceni s minimalizaci termického poskozeni okolnich tkani [133-140]. Neméné dilezité je
povédomi o mozném vzniku komplikaci. V piipad€ peroperaéniho poranéni je zasadni jeho
rychlé rozpoznani a okamzita rekonstrukce, kterd mize byt dle charakteru komplikace bud’
Vv rezii onkogynekologa samotného nebo s vyuzitim nezbytné interdisciplindrni spoluprace jiného
operacniho oboru. Stejnd pozornost musi byt vénovana i pooperacnimu pribéhu a pfislusnym
komplikacim €asnym a pozdnim. Tato problematika je analyzovéna v publika¢nim vystupu
autora prezentovaném souhrnnou praci (viz priloha 5.3.1.) a rovnéZ se ji autor vénuje i
V publikaci vénované profitu zadni modifikované supralevatorové exenterace u pokrocilych
ovarialnich karcinomd (viz priloha 4.1.1.)

Samostatnou pozornost v komplexu komplikaci onkogynekologickych operaci si zasluhuje
problematika lymfatického ascitu a lymfocyst. Jejich vznik je specificky pro onko-
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gynekologickou radikalni operativu, a sice v souvislosti s chirurgickym stagingem a odstranénim
pomérné velkého objemu tukové-lymfatické tkané lokalizované podél magistralnich cévnich
kment oblasti panve, dolniho bficha a tfisel v pribéhu systematické lymfadenektomie [141-143].
Povédomi o jejich existenci a morfologii na pouzivanych zobrazovacich metodéach je zasadni
pro spravny management téchto nalezi, ktery se fidi pfitomnosti klinické symptomatologie
[144,145]. Problematika je analyzovana na souboru 111 pacientek operovanych
v Onkogynekologickém centru FN Brno. Analyza v dolozeném publikacnim vystupu (viz
priloha 5.3.2.) poskytuje informace o procentualnim vyskytu lymfocyst, jejich vazbé na rozsah
provedené lymfadenektomiec a typ malignity a o moznostech terapie symptomatickych

lymfocyst.
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ABSTRACT

Objective: Information sheet about the most frequently complications of radical oncogynecological
operations.

Design: Literature review with case reports.

Setting: Department of Gynaecology and Obstetrics, Faculty of Medicine, Masaryk’s University and
Faculty Hospital, Brno.

Methods: Literature review about complications of radical oncogynecological operations with illustrative
case reports.

Conclusions: Radical oncogynecological operations, due to their size, associated with a higher morbidity
compared with traditional gynecological surgery. The literature states morbidity parameters between
25-45% depending on the center of erudition and range of out performance. Basic division of surgical
complications is on perioperative complications and postoperative complications, which are further
divided into early and late.

The most frequently intraoperative complication is large blood loss requiring the application of blood
substitutes. Less common complications are injury to the urinary bladder, ureter, rarely bowel or neural
structures, especially nerve obturatorius. Among early postoperative complications are dominated
urological complications, particularly urinary bladder hypotonia, another important group are the
vascular complications, ie trombembolia and bleeding. Between late postoperative complications is
possible to define several basic groups, ie urology, intestinal, lymphovascular and complications
associated with laparotomy wound suture.

Prevention of complications should be based on several basic assumptions. These include adequate
erudition and composition of the operating team, perfect knowledge of anatomical conditions in the
pelvic retroperitoneum, the paraaortic, the paracaval and inguinal area, implementation radicality
adequate performance in relation to the extent of the disease and developing new surgical techniques (eg
nerve sparing surgery). Absolute necessity is also the possibility of interdisciplinary cooperation with
other surgical disciplines, which is important both in terms of preventing complications, and for their
event. subsequent solutions.

Key words: intraoperative and postoperative complications, blood loss, injury to the urinary bladder and
ureter, urinary fistula, thromboembolic complications, lymphedema, lymphocyst, hemangioma.

SOUHRN

Cil studie: Informacni piehled o nejcastéjsich komplikacich radikalnich onkogynekologickych operaci.
Typ studie: Literarni piehled s kazuistikou.

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

Metodika: Literarni piehled o komplikacich radikalnich onkogynekologickych operaci s ilustrativni
kazuistikou.

Zdveér: Radikalni onkogynekologické operace jsou vzhledem ke svému rozsahu spojeny s vySsi
morbiditou ve srovnani s klasickou gynekologickou operativou. V literatuie se uvadéji parametry
morbidity v rozmezi 25-45 % v zavislosti na erudici centra a spektru provadénych vykoni. Zakladni
rozdéleni komplikaci operacnich vykoni je na komplikace peroperac¢ni a komplikace pooperacni, které
se dale déli na ¢asné a pozdni.

Nejcastéjsi peroperacni komplikaci je velka krevni ztrata vyzadujici aplikaci krevnich nidhrad. Méné
casté komplikace pak predstavuji poranéni mocového méchyre, ureteru, vzacnéji travici trubice nebo
nervovych struktur, zejména nervus obturatorius. Mezi ¢asnymi poopera¢nimi komplikacemi dominuji
komplikace urologické, zejména hypotonie mocového méchyie, dalSi vyznamnou skupinu pak
piredstavuji komplikace vaskuldrni, tj. trombembolie a Kkrvdceni. Mezi pozdnimi poopera¢nimi
komplikacemi je mozno vymezit nékolik zdkladnich skupin, tj. urologické, intestindlni, lymfovaskularni
a komplikace spojené s hojenim laparotomické sutury.

Prevence komplikaci by méla vychizet z vice zikladnich predpokladii. Mezi né patii adekvatni erudice
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a sloZeni operacniho tymu, dokonald znalost anatomickych poméra v oblasti retroperitonea panve,
v oblasti paraaortdlni, parakavalni a krajiny tiisel, provadéni vykond adekvatni radikality ve vztahu
k rozsahu onemocnéni a rozvijeni novych operacnich technik (nap¥. nerve sparing surgery). Naprostou
nezbytnosti je rovnéz moznost interdisciplinarni spoluprice s dal$imi chirurgickymi obory, ktera je

s v v

dulezita jak z hlediska piredchazeni komplikacim, tak i pro jejich event. nasledné FeSeni.

Klicovd slova: peroperacni a pooperacni komplikace, krevni ztrita, poranéni mocového méchyie
a ureteru, mocova piStél, trombembolické komplikace, lymfedém, lymfocysta, hemangiom.

UvoD

Komplikace operacnich vykoni 1ze obecné rozdélit
na komplikace peroperacni a komplikace pooperacni,
které se dale déli na casné a pozdni. Podle statistickych
udaju se vyskyt peroperacnich komplikaci gynekolo-
gické operativy pohybuje v dosti Sirokém rozmezi
0,2-26 %. Laparoskopicka chirurgie ve srovnani s kla-
sickou laparotomickou operativou rovnéZz nevykazuje
sniZeni rizika peroperacniho poranéni okolnich péane-
vnich orgdnd [4, 31]. Radikdlni onkogynekologicka
operativa je pochopitelné spojena s nejvysSim rizikem
operacnich komplikaci, a to jak peroperaCnich, tak
i pooperacnich, ve srovnani s klasickou gynekologic-
kou operativou. Nejvyssi riziko se pak tyka exenterac-
ni panevni chirurgie vyzadujici interdisciplinarni spo-
lupraci onkogynekologa, chirurga a urologa, kde se
zavazna morbidita pohybuje v rozmezi 60-70 %. Inci-
dence téchto komplikaci pfitom zavisi na celé rfadé fak-
tort,, mezi néZ patii napt. zkuSenost a erudice operaté-
ra, indikace k operaci a rozsah opera¢niho vykonu.
K faktorim, které snizuji riziko komplikaci, patii
zejména posun diagnézy do CasnéjSich stadii (a s tim
souvisejici nizSi frekvence neoadjuvantni 1éCby,
zejména radioterapie, kterda zpusobuje fibrotizaci
a obtizZn€jSi preparaci tkdni) nebo zlepSeni operacnich
technik [9].

PEROPERACNI KOMPLIKACE

Nejcastéjsi peropera¢ni komplikaci radikalni onko-
gynekologické operativy je velka krevni ztrata vyzadu-
jici aplikaci krevnich ndhrad. Méné Casté komplikace
pak predstavuji poranéni mocového méchyfe, ureteru,
vzacnéji travici trubice nebo nervovych struktur,
zejména nervus obturatorius.

VEtsi krevni ztrata vznikajici v prab&hu radikélni
onkogynekologické operace je dana rozsahem radikali-
ty vykonu i vlastnostmi nddorové postizenych tkani
vyznacujicich se vétSinou zvySenou maligni neovasku-
larizaci. V oblasti retroperitonea se onkogynekolog
pohybuje v tésné blizkosti velkych cévnich kment
i drobnych pleteni. Obecné plati, Ze z hlediska event.
iatrogenniho poranéni jsou rizikovéjsi kmeny Zilni. Je
to jednak oblast dolni duté zily, predevSim nad jeji
bifurkaci, kde odstupuji Cetné drobné vény, které

mohou byt pfi preparaci vytrZzeny z cévni stény. Late-
rodorzalné odstupuje z aorty a dolni duté zily rada
lumbalnich vétvi, které jsou dalSi rizikovou oblasti
z hlediska poranéni. Déle je to oblast vena iliaca exter-
na smérem do tiiselného kandlu s odstupem vena dor-
salis clitoridis interna, ktera predstavuje spojku mezi
zevni a vnitini ilickou Zilou a je lokalizovana zpravidla
na zadni sténé symfyzy. DalSi rizikovou oblasti je

Obr. 1. Paraaortdlni a parakavalni oblast se skeletizovanou
a. mesenterica inferior

obturatorni fossa, zejména cast infraobturatorni pod
prubéhem stejnojmenného nervu s interindividualné
variabilnim vétvenim vena iliaca interna na spodiné
fossy. V oblasti tepennych kment je pak nutné vénovat
zvySenou pozornost oblasti paraaortdlni s odstupem
vétSinou pomérné gracilni a. mesenterica inferior, kte-
ra zajiStuje adekvatni krevni zasobeni klicek tenkého
stieva (obr. 1).

Kromé poranéni standardnich cévnich struktur vSak
mize operatéra piekvapit i ndhodné se vyskytujici
koincidujici 1éze, jejiz poranéni miize byt rovnéz prici-
nou zivot ohrozujicitho krvaceni v ramci operacniho
vykonu, jak bude prezentovano v nize uvedené kazuis-
tice.

Poranéni mocového méchyie miuze vzniknout pii
tupém oddélovani hrdla délozniho od mocového
méchyte, kdy muze dojit pfimo i k perforaci stény. Na
poranéni nas upozorni pritomnost ¢iré tekutiny v ope-
racnim poli, viditelnd 1éze stény méchyre, event. pii
laparoskopické operaci i distenze sbérného mocového
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sacku plynem. Ze statistik vyplyva, Ze pii laparosko-
pickych vykonech je riziko iatrogenniho poranéni
mocového méchyre 2-10krit vy3si neZ pii klasickém
piistupu a tento trend roste v souvislosti se zvySujici se
sloZitosti panevni laparoskopické chirurgie.

Pfi podezieni na poranéni je nutné provést piimou
inspekci stén méchyie, pfi negativité naplnéni napf.
roztokem metylenové modfi ve fyziologického roztoku
se sledovanim pfipadného dniku barviva, v krajnim
pfipadé nasleduje jiZz urologem provedena cystotomie
a revize méchyfe. Pii poranéni béhem vykona z vagi-
néalniho pfistupu je nejvhodnéjsi metodou k detekci
léze cystoskopie, kdy soucasné zjiStujeme vztah defek-
tu k ureterdlnim dstim.

Cast&ji nez s perforaci se setkivime s poran&nim
a naslednym oslabenim detruzoru a vznikem hypotonie
mocového méchyie, v krajnim pripadé dochazi v osla-
bené, ztenfené sténé k ischemickym zménam s nasled-
nou extravazaci a vznikem fistuly [9].

Nejcastéj&i komplikaci pfi radikalni panevni chirur-
gii je v8ak zhorSeni mikce na podkladé ztraty uterova-
gindlni podpory méchyfe a pieruseni nervovych plete-
ni v oblasti parametrii. Nejrizikovéj§i varianta
radikalni hysterektomie z tohoto pohledu je hysterek-
tomie III. stupné radikality, pfi které jsou postranni
parametria resekovana kompletné aZ na dno panevni
a zadni parametria asi 2 cm od kosti kifzové, cozZ je
spojeno s vysokym rizikem poranéni hypogastrického
nervového plexu, jehoZ vlikna podle soucasnych zna-
losti anatomie nervového zéasobeni péanve probihaji
v bdzi zadnich parametrii a ¢aste¢né v kauddlni Casti
postrannich parametrii [26]. Z tohoto pohledu je snaha
o rozvoj opera¢ni techniky, kterd by umoZnila zachova-
ni autonomni inervace pdnevnich orgind pfi souas-
ném zachovani adekvatni radikality operace, tzv. nerve
sparing surgery.

Postup dosud nelze povaZovat za jednoznacné stan-
dardizovany, dosud nejvétsi soubor vykont publikoval
v roce 2006 Raspagliesi, kdy srovnaval parametry mor-
bidity u vykont rozdilné radikality u celkem 110 pa-
cientek operovanych pro karcinom déloZniho hrdla. Pfi
vlastnim vykonu je nervovy plexus poprvé identifiko-
vian v presakralni oblasti pfi panevni lymfadenektomii,
ndsledné se nachézi medidlné po obou stranich pfi
otevieni pararektalniho prostoru. Postranni parametria
se resekuji do vySe odstupu a. rectalis media, predni
parametrium by mélo byt po sesunuti mocového
méchyie a preparaci paravezikdlni fossy disekovano na
dvé Casti - horni Cast asi v poloviné nebo pii sténé
mocového méchyie, dolni ¢ast s nervovym plexem je
zachovidna. RovnéZ tak by méla byt provedena i disek-
ce dvou ¢asti zadnich parametrii - medialni ¢ast obsa-
hujici sakrouterinni vazy muize byt resekovina podle
pozadované radikality, ¢ast lateralni s hypogastrickym
plexem zlstiavd zachovina, parakolpium je pak dorese-
kovano smérem k pochvé rovnéZ nad trovni nervové
pletené [19].

Poranéni ureteru se udava asi u 0,5-2 % hysterek-
tomii a neradikélnich panevnich gynekologickych ope-
raci a asi u 10 % radikélnich hysterektomii. Ureter je
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v pribéhu radikalnich hysterektomii preparovan v riiz-
ném rozsahu v zavislosti na stupni radikality hysterek-
tomie. U 1. stupné, kdy je technika vykonu totoZni
s extrafascidlni hysterektomii, ureter neni mobilizovan,
ale pouze odsunut laterdlné ve svém pribéhu paramet-
rii. U 1L stupné je ureter uvolnén ve svém pribéhu
z postrannich parametrii, ale ponechin na prednich
parametriich, kterd nejsou resekovana, coZ je dilezité
pro zachovini cévniho zdsobeni distdlni ¢asti mocovo-
du. U III. stupné radikality je pak ureter zcela mobili-
zovan az ke vstupu do mocového méchyie [17].

Preparaci ureteru pii vykonu miZe komplikovat celd
fada faktorl, jako jsou obezita, fibrotické zmény tkani
po predchozich vykonech, zanétlivé zmény nebo nado-
rovd infiltrace, ty mohou soucasné zplisobovat i dislo-
kaci ureteru. Naprostd vétSina lézi ureteru postihuje
jeho distalni ¢ast a vznikd pfi oSetfovani obtizné stavi-
telného krvéceni v oblasti postrannich parametrii. Pod-
statné vzdcnéjsi je poranéni ureteru proximdlné&ji pfi
naklddani steht v oblasti infundibulopelvického vazu.
K poranéni ureteru muzZe dojit pii jeho preparaci
i v ramci radikdlniho operovani z piistupu vaginilniho
[22], s kterym v8ak md zkuSenost v naSich podminkach
jen minorita onkogynekologickych operatérti, a neni
tudiz pfili§ roz&ifen a preferovan. Pri vagindlnim pfi-
stupu muZe dojit k poranéni ureteru i béhem rekon-
strukce poSevniho pahylu. Ureter miZe byt peroperac-
né poranén nastiizenim nebo Uplnym pieruSenim,
event. mize byt ¢asteCné excidovan s priléhajici tkani.
RovnéZ mize dojit k jeho zhmoZdéni pfi nasazeni
nastroje, vétSinou pednu, kdy dojde i bez ligatury
k ischemizaci stény a nekréze s naslednym vznikem
defektu. Ureter muZe byt poskozen i elektrokoagulaci
nebo ligaturou s ndslednou nekrézou stény [15].

Viechny tyto situace jsou spojeny s extravazaci
moci. Z poranéni termindlniho ureteru maZe rezultovat
i vznik vezikovagindlni fistulace [16]. Devaskularizace
ureteru se mize v mirngj$i formé projevit i vznikem
striktury, vétsinou az za nékolik dni nebo tydnu jako
komplikace pooperacni. Zranitelné cévni ziasobeni ma
predevsim stfedni tfetina ureteru, dolni tfetina a termi-
ndlni ¢ast jsou zasobeny ze stény panevni, z vétvi vezi-
kélnich, rektdlnich i pudendalnich.

V pfipadé, Ze je poranéni ureteru zjisténo peroperac-
né, je nutnd pecliva revize, samoziejmé pod vedenim
urologa, protoZe bezprostfedni rekonstrukéni vykony
maji ve srovnini s odloZenymi vykony podstatné lepsi
vysledky (az 100 % vs. 67 %) a niZsi poCet komplika-
ci. MoZnosti feSeni zavisi na typu a rozsahu poranéni,
patii mezi né zavedeni ureterdlniho stentu, resekce
postizeného tseku a provedeni ureteroureteroanasto-
mozy nebo reimplantace ureteru [6].

Poranéni triavici trubice mohou vzniknout pfi
uvolfiovani adhezi stfevnich klicek po predchozich
operacich, kdy dochdazi k deserozaci nebo na zikladé
nefetrné operaéni techniky ve smyslu termického
poskozeni nebo piimé perforace. Poranéni v oblasti
Zaludku a duodena pii onkogynekologické operacni
16¢bé je raritni, Castéji se setkavame s poran&nim stie-
va, frekventnéjsi je vyskyt téchto poranéni u laparo-
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skopickych radikalnich vykonu, kde se udava v rozme-
zi 0,1-0,6 %, s CastéjSim postizenim tenkého stieva.
Pii¢inou byva vétSinou elektrokoagulacni poranéni
s nekr6zou a naslednym vytvorenim nasténného defek-
tu [4, 31]. S poranénim rekta se setkdvame cCastéji
u vaginalniho opera¢niho pristupu, kde se pohybuje do
2 %. Moznosti oSetieni poranéni, které jsou v kompe-
tenci bfiSniho chirurga, predstavuji prosta sutura,
resekce postizené Césti stieva s anastomozou, resekce
poranéné Casti stieva a zaloZeni dvouhlaviiové stomie
nebo stomie ordlniho useku a uzavieni aboralniho use-
ku stieva (tzv. resekce podle Hartmanna) [9].

Poranéni nervus obturatorius ve formé preruseni
se muize rovnéZ raritné vyskytnout v ramci radikalni
panevni chirurgie pfi provadéni panevni lymfadenekto-
mie v souvislosti s neSetrnou operacni technikou
a nedostate¢nou praktickou erudici operatéra. ReSeni
suturou je v té€chto pfipadech v kompetenci neurochi-
rurga. Daleko Castéji se setkdvame s riizné silné vyja-
difenymi klinickymi projevy iritace nervu (poruchy
hybnosti, tj. addukce nebo ¢iti v oblasti pfisluSné dol-
ni koncetiny) na podkladé manipulaci s naslednym
edémem nervu pfi systematické panevni lymfadenek-
tomii v oblasti obturatorni fossy. Klinické potiZe byva-
ji prechodného razu a rizné rychle ustupuji v souvis-
losti s adekvatni poopera¢ni rehabilitani péci.

POOPERACNI KOMPLIKACE

Mezi ¢asnymi pooperacnimi komplikacemi radi-
kéalni onkogynekologické operativy dominuji kompli-
kace urologické, zejména hypotonie mocového
méchyfe, dal§i vyznamnou skupinu pak predstavuji
komplikace vaskuldrni, tj. trombembolie a krvaceni.
K hypotonii mo¢ového méchyfe disponuje tupé oddé-
lovani délozniho hrdla od mo¢ového méchyie s oslabe-
nim detruzoru, v ramci radikdlnich vykont pak zejmé-
na léze nervovych vldken hypogastrického plexu
v parametriich, kdy dochazi k dysfunkci mocového
méchyfe na pokladé poruchy kontraktility detruzoru
v souvislosti s postiZenim autonomni inervace [19].
Zasadni je zajiSténi drendZze mocového méchyte per-
manentnim katétrem, epicystostomii, event. pravidel-
nym cévkovanim. DrendZ je mozné odstranit aZ po
obnoveni spontdnni mikce, v opacném piipadé hrozi
ireverzibilni poSkozeni detruzoru se vznikem atonické-
ho méchyfe.

Mezi pozdnimi pooperacnimi komplikacemi je
mozno vymezit nékolik zdkladnich skupin, tj. urolo-
gické, intestinalni, lymfovaskularni a komplikace spo-
jené s hojenim laparotomické sutury.

Mezi urologické komplikace patii kromé pretrvava-
ni hypotonie mocového méchyie napfi. rozvoj moco-
vé inkontinence s vyraznym zastoupenim stresové
slozky na zakladé zmény anatomickych poméri po
kompletnich vykonech se ztratou uterovaginalni pod-
pory mocového méchyfe.

Zavaznou skupinu urologickych komplikaci piedsta-

vuji mocové pistéle. Vznikaji pii nerozpoznaném
poranéni vyvodnych cest mocovych, pokud dojde
k ohraniceni pasdze moci smérem k nezahojené riné
pochvy nebo vzacné do laparotomické rany. Fistula se
zpravidla manifestuje mezi 4.-8. poopera¢nim dnem,
nejpozdéji za 15 dni po operaci. Nejcastéjsi varianta je
fistula vezikovaginalni, vzdcné se miZe objevit také
ureterovagindlni nebo uretrovagindlni. K diagnostice
a orientacni lokalizaci piStéle se pouziva zkouSka tii
tampont s plnénim mocového méchyte fyziologickym
roztokem zbarvenym metylénovou modii. Mezi dalSsi
metody slouzici k diagnostice pak patii cystografie,
uretrocystoskopie, kterd mize byt soucasti retrogradni
ureteropyelografie nebo intraven6zni vylucovaci uro-
grafie [9].

ReSeni téchto komplikaci je v kompetenci urologa.
V oblasti ureteru se miZe jednat o zavedeni stentu,
resekéni vykon s anastomozou, reimplantaci ureteru,
v piipadé rozsahlejSiho poSkozeni se provadi rekon-
strukce interpozici ilea nebo apendixu (v literatuie je
zminovana GspéSnost az v 80 % piipadl). Jednoduché
vezikovagindlni piStéle Ize uzavfit sblizenim zdravych
okraji jednotlivych vrstev obou organti, u komplikova-
nych pistéli (po rozsahlém poranéni, infek¢nich kom-
plikacich, nasledné radioterapii) je vhodné obé strany
pistéle oddélit jeSté dalSi tkani, nejcastéji s vyuZzitim
tkané omenta. VEtSi uspéch rekonstrukce je u pistéli
zjiSténych béhem prvnich dvou tydni po primarnim
operatnim vykonu, kdy jsou tkané jeSté poddajné
a nezjizvené, vyjimkou jsou piStéle uretrovagindlni,
zpravidla spojené s poSkozenim svérace uretry, kdy se
naopak rekonstruk¢ni vykon odklada do doby, kdy je
zbyla tkan sfinkteru pevna a provadi se rovnéz plastika
svérace soucasné s uzavienim defektu [16].

Stendza ureteru s naslednym rozvojem hydrone-
frozy muze jako pozdni komplikace vzniknout na pod-
kladé devaskularizace ureteru pfi jeho rozsihlejsi ske-
letizaci, kdy dochazi ke vzniku striktury vétSinou az za
nékolik dnl nebo tydni po operaci. V diagnostice je
zakladni vySetfovaci metodou ultrazvuk doplnény
intraven6zni vylucovaci urografii. ReSeni muZe byt
endoskopické, pokud je stenéza do 2 cm a je zjiSténa
béhem prvnich tii poopera¢nich mésicu, a sice prove-
denim endoureterotomie a balonkové dilatace, v ostat-
nich pfipadech je indikovana oteviena operace s prove-
denim resekce a anastomdzy nebo reimplantacni
vykony [15].

Mezi komplikace intestindlni patii zvySené riziko
rozvoje stievni neprichodnosti, vétSinou se v ramci
pozdnich komplikaci jedna o ileus mechanicky. Pre-
disponujicim faktorem je zejména zvySené riziko
adhezivniho procesu v panvi pii velké ranné ploSe. Na
zakladé€ poranéni hypogastrického nervového plexu pii
radikdlni hysterektomii dochazi i k ovlivnéni funk¢ni-
mu ve smyslu oslabeni peristaltiky.

Mezi komplikace lymfovaskularni patii rozvoj
lymfedému dolnich koncetin, ktery je moznou kom-
plikaci lymfadenektomie. Klinicky se projevuje jako
otok jedné ¢i obou koncetin vznikajici v prubéhu 12
mésict po operaci a ma tendenci piechazet do chronic-
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kého stadia. V etiopatogenezi se uplatiiuje postiZeni
lymfatické uzliny nddorem nebo pferuseni lymfatické
drendze pri lymfadenektomii odstranénim uzliny,
a zaroveil porucha nervového zdsobeni cév vedouci
k chronické vazodilataci [29]. Rozvoj lymfedému zdle-
Zi na lokalizaci a stadiu nddorového onemocnéni, radi-
kalité provedeného operacniho vykonu, provedeni sys-
tematické lymfadenektomie nebo pouze biopsie
sentinelové uzliny a na poctu a lokalizaci odstranénych
lymfatickych uzlin [24]. Nejvy&38i prevalence lymfedé-
mu se udivd po operacich pro karcinom vulvy, na dru-
hém misté je karcinom déloZniho hrdla, tésné nasledo-
vany karcinomem endometria a nejméné Casto se
lymfedém vyskytuje po radikdlnich operacich pro kar-
cinom ovaria. Po operacich pro karcinom vulvy se uda-
va vyskyt lymfedému v rozmezi 36-69 % [1, 7, 23, 28].
Prevalence lymfedému u pacientek s karcinomem
déloZniho hrdla, u kterych byla soucésti radikalniho
chirurgického vykonu lymfadenektomie, se popisuje
v rozmezi 17-27 % [12, 20, 28]. U pacientek po opera-
ci pro karcinom endometria s panevni lymfadenekto-
mii se popisuje prevalence lymdefému 16-25 % [28,
30]. Nejméné casto se lymfedém vyskytuje se po chi-
rurgické 1é¢b& karcinomu ovaria, v literatuie se uvadi
prevalence 5-7 % [1, 28].

Pro detekci lymfedému se vyuZiva nékolik vySetio-
vacich metod. Zakladni orienta¢ni metodou je méfeni
obvodi na pfedem urCenych mistech postiZzené konce-
tiny a jejich porovnavani s rozméry zdravé koncetiny.
Novou neinvazivni metodou k detekci lymfedéma je
multifrekvenéni bioelektrickd impedan¢ni analyza.
Metoda méfi specificky mnoZstvi extracelularni vody,
kterd odpovida kompartmentu lymfedému, a to pomo-
ci rezistence tkané pii prichodu elektrického proudu
o riznych frekvencich [10, 14]. Metodou, kterd je vy-
uzivand prevazné pro lymfoterapeuty k detailn&jS§imu
popsani lokalizace poruch lymfatické drendZe, je lym-
foscintigrafie. VyuZziva subkutanni aplikaci radioaktiv-
niho koloidu do postizené koncetiny s ndslednym sle-
dovinim transportu této latky lymfatickymi cévami
gama kamerou. Pro lymfedém je charakteristicky chy-
b&jici nebo zpomaleny transport aplikované latky.
Metoda ma pomérné vysokou senzitivitu (75-95 %)
a 100% specificitu [18]. Mezi dalSi pomocné diagnos-
tické metody patii ultrasonografie, CT a magnetickd
rezonance. Komplexni terapie lymfedému zahrnuje
péc¢i o kizi, dpravu Zivotniho stylu, lymfatickou dre-
naz, zevni kompresi a podpirnd cviceni [2, 18, 21].
Doplitkem 1é¢by je farmakoterapie vyuZivajici léky
s fibrinolytickymi a proteolytickymi G¢inky a mobili-
zujici makrofagy, napf. Detralex, Wobenzym.

DalSi lymfovaskuldarni komplikaci v souvislosti
s radikalni onkogynekologickou operativou a exentera-
ci lymfatickych uzlin piedstavuji lymfocysty. Vznika-
ji pii déletrvajici secernaci lymfy z pferuSenych lymfa-
tickych kment, kdy dochdzi k hromadéni lymfy
predeviim v panevnim retroperitonedlnim prostoru pod
novotvofenym ndsténnym peritonedlnim krytem. Pfi-
spivaji k rozvoji rozsahlejiich lymfedému, tlakem na
cévni svazky mohou potencovat rozvoj zanétlivych
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a trombotickych komplikaci Zilniho systému péanve
a dolnich konéetin [25, 27]. RovnéZ jsou predispozici
pro vznik pdnevnich zdnétlivych komplikaci vCetné
abscesovych formaci [11]. Prevenci tvorby lymfocyst
je dlouhodobé akceptovany konsensus tykajici se
neprovadéni peritonealizace po lymfadenektomiich
a adekvatni pooperacni drendz dutiny bfiSni.

Mezi komplikace spojené s hojenim laparotomic-
ké sutury patii riziko ranné infekce a vznik herniace
v jizvé. Vyskyt infekEnich komplikaci ovliviiuji lokalni
a celkové rizikové faktory. Mezi lokdlni patfi primarné
infikovany operacni terén, pooperani hematom nebo
ponechani nekrotickd tkan, k celkovym faktoriim pak
patii diabetes mellitus, imunosuprese nebo malnutrice.

VLASTNI POZOROVANI

Prezentujeme Zivot ohroZujici komplikaci zplsobe-
nou nadmérnou krevni ztritou v pribéhu radikdlni
onkogynekologické operace. Slo o Zenu ve véku 66 let,
dichodkyni, s negativni rodinnou onkologickou ana-
mnézou. Anamnesticky byla pacientka od détstvi sle-
dovana pro pomérné rozsihly kavernozni hemangiom
pravého boku (obr. 2) pfechdzejici do oblasti vulvy
a na vnitini stranu pravého stehna (obr. 3). V této sou-
vislosti podstoupila celkem 6 operacnich vykond na
pracoviStich plastické chirurgie, aviak jen s minimdl-
nim efektem. Vzhledem k opakovanym tromboflebiti-
diam v oblasti kaverndzni pletené hlavné v oblasti pra-
vé dolni konletiny méla chronickou perordlni
antikoagulaéni terapii.

V cCervenci 2009 podstoupila na naSem pracovisti
z indikace postmenopauzilni metroragie a suspektni
hyperplazie endometria frakcionovanou kyretdz
s histologickym ndlezem S&patné diferencovaného
endometroidniho adenokarcinomu téla délohy, event.
invazi myometria nebylo mozné z dodaného materidlu
urcit. Na zikladé stagingovych vySetfeni bylo vyslove-
no podezieni na invazi myometria nepfesahujici polo-
vinu sily déloZni stény na jeji zadni sténé, bez pravde-
podobného postiZeni cervixu, dal§i vy3etfeni byla
negativni. Vedlejsim ndlezem byla podle UZ a CT
vySetfeni voStinovitd struktura lokalizovanid v bfiSni
sténé v oblasti pravého boku nad priibéhem zevnich
ilickych cév, jeji popisovand velikost byla 15 x 7 x
6 cm a odpovidala nilezu kaverndézniho hemangiomu.
Pacientka byla indikovdna k opera¢nimu vykonu,
vzhledem ke koincidujicimu ndlezu hemangiomu byl
indikovan laparotomicky pristup.

Pii otevieni dutiny bfiSni byl pfi revizi panve a duti-
ny bfiSni detekovdn subperitonealné plo¥ny heman-
giom masivné vyklenujici ndsténné peritoneum nad
prib&hem zevnich ilickych cév (obr. 4, 5). V rdamci
vykonu byla standardné provedena lavaz, extrafascial-
ni hysterektomie s oboustrannou adnexektomii, z freez
histologie potvrzen nilez predoperacniho UZ vySetie-
ni, tj. invaze nepfesahujici polovinu sily myometria
a rovnéz $patné diferencovany grading tumoru.
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Obr. 4. Panevni oblast se subperitonedlné prominujicim
hemangiomem

Obr. 3. KoZni projev hemangiomu v oblasti vulvy
a vnitini strany stehna

Na zdkladé histologie se pokracovalo ve vykonu
v rozsahu panevni lymfadenektomie. Levostrannd byla
provedena standardnim zpisobem, v pravostranné
lokalizaci bylo vzhledem k pfitomnosti hemangiomu
postupovano atypicky po preparaci ureteru exenteraci
nejdfive oblasti obturatorni fossy a internich ilickych
cév. Zevni ilické cévy byly oziejmeny z kauddlniho
pohledu, kranidlné jiZ na né naléhaly kaverny heman-
giomu. Pfi tupé palpaci suprailické krajiny smérem do
ingvindlniho kanalu, kde jiZ nasténné peritoneum
nebylo vyklenuto hemangiomem, vSak doslo k profuz-
nimu zakrvaceni vendzni krvi a pfi nasledném odklo-
peni peritonea bylo detekovana krvaceni z perforované
margindlni kaverny hemangiomu. Oblast byla tampo-
novana a k vykonu pfivolan cévni chirurg. Vzhledem
k nélezu s rizikem exsangvinace se v prvni fazi postu-
povalo z oblasti pravého tiisla, kde byly postupné pre-
ruSeny zdroje hemangiomu z oblasti saphenofemoralni
junkce, po odpojeni hemangiomu v tiisle pokracovano
revizi z dutiny bfiSni, kde byly preruSeny dalSi Zilni
spojky odstupujici z vena iliaca externa a interna
k hemangiomu. Nésledné byla pédnev tamponovina,
provedena adaptacni sutura stény biiSni. Celkova krev-

Obr. 5. Detail kavernézniho hemangiomu

ni ztrdta pfi vykonu dosahla 3500 ml a byla v jeho pri-
béhu adekvatné hrazena.

Tyz den byla jeSté doplnéna digitalni subtrakcni
angiografie, pfi které nebyla nalezena jednoznacni
extravazace, aplikovano bylo menSi mnoZstvi spongo-
stanového materidlu do descendentniho feCiSté arteria
iliaca externa l.dx. Za necelych 48 hodin po vykonu
byla provedena extrakce briSni tamponady, oblast
hemangiomu byla jiz bez znamek event. krvaceni.
Definitivni histologie potvrdila ndlez z peroperalni
biopsie, ndsledna brachyradioterapie jiz byla radiotera-
peutem kontraindikovdna a pacientka byla prevedena
do standardni dispenzarni péCe, v niZ se nyni nachazi
bez znamek recidivy zakladniho onemocnéni.

ZAVER

Radikalni onkogynekologické operace jsou vzhle-
dem ke svému rozsahu pochopitelné spojeny s vysSi
morbiditou ve srovnani s klasickou gynekologickou
operativou. V literatuie se uvadéji parametry morbidi-
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ty v rozmezi 25-45 % v zavislosti na erudici centra
a spektru provadénych vykonl. Prevence komplikaci
by méla vychazet z vice zdkladnich predpokladi. Mezi
né patii adekvatni erudice a sloZeni operacniho tymu,
dokonald znalost anatomickych poméru v oblasti retro-
peritonea panve, v oblasti paraaortalni, parakavalni
a krajiny tfisel, provadéni vykont adekvatni radikality
ve vztahu k rozsahu onemocnéni a rozvijeni novych
opera¢nich technik (napf. nerve sparing surgery) [8,
19]. Naprostou nezbytnosti je rovnéZz moznost interdis-
ciplinarni spoluprace s dal§imi chirurgickymi obory,
kterd je dulezita jak z hlediska predchazeni komplika-
cim, tak i pro jejich event. nasledné feSeni. Aby byly
splnény tyto predpoklady, je ziejmé, Ze 1éCba musi byt
centralizovana a provadéna v onkogynekologickych
centrech na zdkladé mezioborové spoluprace [3, 5].
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Incidence a terapie lymfocyst
po provedené systematické panevni
a paraaortalni lymfadenektomii -

vlastni soubor

Incidence and therapy of lymphoceles after pelvic
and paraaortic lymph node dissection - our file

Felsingerova Z., Minar L., Weinberger V.

Gynekologicko-porodnicka klinika LF MU a FN, Brno, prednosta prof. MUDr. P. Ventruba, DrSc., MBA

ABSTRACT

Objective: Analysis of lymphocele ‘s incidence and
therapy among the patients, who underwent syste-
matic pelvic and paraaortic lymphadenectomy during
the years 2010-2012 in Oncogynecological centre of
Department of Gynecology and Obstetrics in Brno.
Design: Retrospective study.

Setting: Department of Gynecology and Obstetrics,
Masaryk University Hospital Brno.

Methods: We retrospectively evaluated the file of 111
patients, who underwent pelvic and/or paraaortic lym-
phadenectomy during the years 2010-2012 in our clinic.
These patients were observed for the incidence of
lymphoceles proved by ultrasonography. We focused
on the incidence of symptomatic lymphoceles from
all detected lymphoceles in the file of patients and
we searched for relation between their presence and
the type of systematic lymphadenectomy (pelvic or
paraaortic) and the type of gynecological tumor and
we report their management.

Results: During the years 2010-2012 we provided 111
lymphadenectomies consisting of: 78 pelvic and 33
pelvic and paraaortic lymphadenectomies in our clinic.
These patients were rewied for retrospective study. We
reported 37 cases of lymphoceles (33.3%) detected by
vaginal or transabdominal ultrasonography. Among all
patients with lymphoceles, we observed 24 asymptoma-
tic patients and 13 patients with clinical features. There
were 11.7% symptomatic lymphoceles from overall count.

Only these symptomatic patients underwent therapy
including simple punction or surgery management.
Among all patients with lymphoceles, we reported
the presence of lymfoceles by 19 patients with ovarian
cancer (51.4%), 12 patients with cancer of cervix (32.4%),
4 patients with cancer of uterus (10.8%), one patient
with cancer of salpinx and one patient with cancer of
peritoneum (both 2.7%). We did not register statistically
important dependence of lymphocele s incidence on
the type of lymphadenectomy (pelvic and/or paraaor-
tic) - difference of 4.31%.

Conclusion: Asymptomatic lymphoceles do not repre-
sent such a risk for patients after lymphadenectomy
such as lymphoceles with clinical symptoms, which
need to be followed by therapy. We proved incidence
of lymphoceles 33.3%. There were 11.7% symptomatic
lymphoceles among all patients after systematic lymph-
adenectomy.

In the future, it is necessary to standardize the condi-
tions, used to indicate systematic lymphadenectomy to
ensure safety of the oncological procedure and at the
same time not to increase postoperative morbidity of
patients. Going forward the topic of lymphocele ‘s pre-
vention and detection of their valid risk and protective
factors requires further prospective studies divided
into single types of gynecological malignant tumors.

KEYWORDS

pelvic and paraaortic lymphadenectomy,
lymphoceles, incidence

SOUHRN

Cil studie: Analyza incidence a terapie lymfocyst v sou-
boru pacientek, které podstoupily systematickou panevni
a paraaortaini lymfadenektomii v Onkogynekologickém

centru Gynekologicko-porodnickeé kliniky v Brné v letech
2010-2012.

Typ studie: Retrospektivni studie.

Nazev a sidlo pracovisté: Onkogynekologické centrum,
Gynekologicko-porodnicka klinika LF MU a FN Brno.
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Metodika a soubor: Hodnotime retrospektivné soubor 111
operovanych pacientek, u kterych byla v letech 2010-2012
na nasi Gynekologicko-porodnické klinice provedena
panevni a paraaortalni lymfadenektomie. Zjistujeme
celkovou incidenci lymfocyst, které byly diagnostiko-
vany na zakladé ultrazvukového vysetreni. Z celkového
poctu lymfocyst patrame po incidenci symptomatickych
lymfocyst a zjiStujeme, zda jejich incidence byla zavisla
na typu provedeni systematické lymfadenektomie (pa-
nevni a/nebo paraaortdlni), na typu gynekologického
tumoru a jakym zplsobem byly tyto symptomatické
lymfocysty feseny.

Vysledky: V letech 2010-2012 jsme provedli u 111 onkolo-
gickych pacientek 78 panevnich a 33 panevnich a para-
aortalnich systematickych lymfadenektomii. V souboru
téchto pacientek jsme retrospektivné patrali po incidenci
lymfocyst. Lymfocysty byly detekovény pooperacné
vaginalnim ¢i transabdominalnim ultrazvukem (UZ) u 37
pacientek (33,3 %). Z celkového poctu 37 detekovanych
lymfocyst bylo 24 lymfocyst klinicky asymptomatickych
a13 symptomatickych. Incidence symptomatické lymfo-
cysty v nasem souboru je 11,7 %. Prostou punkci pod UZ
kontrolou ¢i chirurgicky jsme resili pouze symptomatické
lymfocysty. Z celkového poctu 37 lymfocyst jsme je
pooperacné detekovali u 19 pacientek s karcinomem
ovaria (514 %), u 12 pacientek s karcinomem hrdla délo-

hy (32,4 %), u Ctyr pacientek s karcinomem téla délohy
(10,8 %), u jedné pacientky s karcinomem vejcovodu
a u jedné pacientky s karcinomem peritonea (obé 2,7 %).
V naSem souboru jsme nezaznamenali statisticky vyznam-
nou zavislost incidence lymfocysty na typu provedené
(panevni a/nebo paraaortaini) lymfadenektomie.
Zavér: Asymptomaticke lymfocysty po provedené lymf-
adenektomii nepredstavuji pro pacientky takoveé riziko
jako lymfocysty symptomatické, které vyzaduji reSeni.
V nasem souboru se pooperacné lymfocysta vyskytla
s incidenci 33,3 %. Na celkovy pocet 111 pacientek, které
podstoupily lymfadenektomii, jsme pozorovali 11,7 %
symptomatickych lymfocyst.

Do budoucna je zcela nutné standardizovat podminky, za
kterych je indikovano provedeni systematické lymfade-
nektomie, abychom zachovali onkologickou bezpecnost
chirurgického vykonu a zaroven dale zbytecné nezvysovali
pooperacni morbiditu pacientek. Problematika prevence
vzniku lymfocyst a detekce validnich rizikovych a protek-
tivnich faktord jejich vzniku vyZaduje do budoucna pro-
spektivni studie, které budou rozdélené dle jednotlivych
typl gynekologickych zhoubnych nadord.

KLICOVA SLOVA

pénevni a paraaortalni lymfadenektomie,
lymfocysty, incidence

uvop

Lymfocysta ¢i lymfokéla je cysticka rezis-
tence vznikajici v retroperitoneu po provedené
systematické panevni a/nebo paraaortalni lymf-
adenektomii. Lymfocysta je kolekce lymfy se sil-
nou fibrotickou sténou bez epitelidlni vystelky.
Patofyziologickym podkladem jejiho vzniku je
nekompletni lymfostaza s poopera¢nim dinikem
lymfy v tak velkém mnoZstvi, Ze neni mozna jeji
zpétna resorpce peritoneem. V lymfatickych cé-
vach neni dostatek bunék hladké svaloviny, coz
brani jejich vazokonstrikci a lymfa obsahuje jen
minimalni mnozstvi trombocytl a koagulacnich
faktorti. Diky kombinaci téchto faktort se lymfa
hromadi v retroperitonedlnim prostoru a mize
dojit ke zformovani lymfocysty [15]. VétSina lym-
focyst je asymptomatickych a jsou nahodnym
nalezem pii pooperacni kontrole (obr. 1, obr. 2).

Incidence lymfocyst po onkogynekologic-
kych vykonech s lymfadenektomii se pohybuje
v Sirokém rozmezi 1-58 % [2, 9]. Median jejich
vyskytu je zhruba 3 az 8 tydni po operaci, né-
kdy se mohou objevit aZ za jeden rok po operaci.
Symptomatické lymfocysty vykazuji incidenci

Ces. Gynek, 2014, 79, ¢. 5, 5. 388-392

5-34,5 % [6]. Symptomy zavisi na velikosti a utla-
ku okolnich anatomickych struktur. Lymfocysty
mohou nejcastéji zplisobovat bolest, sekundarné
se infikovat, vést k tvorbé otoki dolnich koncetin,
vzniku hluboké Zilni trombdzy, utlacovat mocovy
méchyft a zpisobovat obstrukci ureterd [7, 14].

METODIKA

Do této retrospektivni studie bylo konsekutiv-
né zafazeno celkem 111 pacientek s pooperacnim
nalezem lymfocysty, které vletech 2010-2012 pod-
stoupily v ramci radikdlniho onkogynekologic-
kého operac¢niho vykonu systematickou panevni
¢i aortopelvickou lymfadenektomii bez uzavieni
peritonea nad operovanou oblasti. V souboru zjis-
tujeme incidenci symptomatickych i asympto-
matickych lymfocyst, které byly diagnostikovany
pomoci ultrazvuku. Ve skupiné symptomatickych
lymfocyst sledujeme zpiisob a efektivitu jejich te-
rapie. Popisujeme incidenci lymfocyst pooperacné
v zavislosti na typu gynekologického zhoubného
nadoru a hodnotime, zda pfidani paraaortalni
lymfadenektomie statisticky vyznamné zvysuje
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Obr.1  UZ obraz unilokularni ,,ground glas“ lymfocysty v oblasti
levé fossa obturatoria

incidenci pooperacni lymfocysty oproti samostatné
provedené panevni lymfadenektomii, Analyza byla
provadéna na hladiné vyznamnosti 0,05.

V letech 2010-2012 jsme provedli celkem 78 pa-
nevnich a 33 aortopelvickych lymfadenektomii.
V souboru 111 pacientek s provedenou panevni a/
nebo paraaortalni lymfadenektomii jsme diagnos-
tikovali pomoci UZ 37 lymfocyst, coZ odpovida inci-
denci 33,3 %. Ze souboru 37 lymfocyst bylo 24 asym-
ptomatickych a 13 symptomatickych. Incidence
symptomatické lymfocysty je v nasem souboru
11,7 %. Z celkového poctu 37 pacientek byl nejvyssi
pocet lymfocyst pooperacné pozorovan u pacientek
s karcinomem ovaria - celkem 19 (51,4 %), dale
jsme lymfocystu detekovali u 12 pacientek s kar-
cinomem hrdla délohy (32,4 %), u ¢tyr pacientek
s karcinomem délohy (10,8 %), u jedné pacientky
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Graf 1 Zastoupeni jednotlivych malignit v souboru pacientek
s detekovanou lymfocystou po provedené systematické lymfade-
nektomii
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Obr. 2  UZ obraz unilokularni hypoechogenni lymfocysty s debris

s karcinomem peritonea a jedné pacientky s kar-
cinomem vejcovodu (obé 2,7 %), (graf1).

Zajimalo nds, jestli incidence lymfocyst je
zavisla na typu provedené systematické lymf-
adenektomie (panevni a/nebo paraaortalni).
U 78 pacientek po provedené samostatné panevni
lymfadenektomii jsme detekovali 25 lymfocyst
(36,36 %), u 33 pacientek s provedenou aortopelvic-
kou lymfadenektomii jsme diagnostikovali 12 lym-
focyst (32,05 %). Podle statistického vyhodnoceni
je tento rozdil 4,31 % signifikantné nevyznamny,
p =0,6657 (tab. 2).

Témeér vSechny lymfocysty byly diagnostikova-
ny do Sesti mésicii po operaci (tab. 1). Jejich detekce
byla bud ndhodna pfi dispenzarizacni kontrole,
nebo pti kontrole z divodi potiZi pacientky. V na-
Sem souboru jsme pristoupili k opera¢nimu reSeni
jenv ptipadé symptomatické lymfocysty. U celkem
13 symptomatickych pacientek jsme provedli 10
punkci pod UZ kontrolou (77 %), ve dvou piipadech
(15 %) jsme marsupializovali lymfocystu laparo-
skopicky a vjednom piipadé (8 %) laparotomicky.
Zjistili jsme, Ze u 10 lymfocyst (10 pacientek) fese-
nych jednoduchou punkci, doslo v priubéhu 4 tyd-
nil v Sesti piipadech k recidivé. V jednom pfipadé
recidivy byla nutna laparotomicka marsupializaci
lymfocysty, u ostatnich péti recidiv byl zvolen

Tab.1 Doba od operace, kdy byla lymfocysta poprvé detekovana
u viech pacientek po lymfadenektomii v naem souboru

N %
2 tydny 6 16,2
6 tydnl 4 108
3 mésice 8 2,7
6 mésicl 16 432
9 mésicd 3 8]
12 mésicu 0 0




Tab.2 Rozdéleni lymfocyst podle typu provedené
lymfadenektomie

N %

N % N

LYMFADENEKTOMIE 78 NS 33 NS m NS
Lymfocysta 25 32,05% 12 36,36% 37 0,6657

Rozdil je 4,31%, coz dle Fisher exact test: p=0.6657

konzervativni postup a lymfocysta v priibéhu tii
mésicli vymizela.

DISKUSE

V posledni dobé jsou zkoumany jak rizikové,
tak protektivni faktory vzniku lymfocyst. Jako po-
tencialné rizikovy faktor vzniku lymfocyst je zvazo-
van pocet a pozitivita odstranénych lymfatickych
uzlin s pfedpokladem ristu incidence lymfocyst
s ristem poctu a pozitivity uzlin [11]. Mezi dal§imi
rizikovymi faktory vzniku lymfocyst se zminuji
neoadjuvantni a adjuvantni chemoterapie a radio-
terapie [8]. Nékteré studie zaznamenaly nejvyssi
incidenci lymfocyst po operacich u zhoubnych
nador( hrdla délohy, nizsi u ovaridlnich nddort
a nejnizsi u nadort téla délozniho [8]. V nasem
souboru bylo nejvice lymfocyst detekovano u pa-
cientek po operaci pro karcinom ovaria.

Dal$im diskutovanym rizikovym faktorem je
vlivlaparoskopického ¢i laparotomického operac-
niho piistupu. V dosud nejvétsim publikovaném
souboru srovnavajicim oba operacni pristupy je
skupiné operované laparoskopicky [5]. Na druhou
stranu v recentni retrospektivni Achouriho praci
nebyl shledan rozdil v incidenci vzniku lymfocyst
mezi laparoskopickym a laparotomickym pfistu-
pem (z celkového poctu 31 pacientek s lymfocystou
bylo 11 operovano laparoskopicky a 20 laparotomic-
ky; OR 0,61; 95% CI 0,25-1,52). Dale se diskutuje
ovlivu BMI a miniheparinizace na vznik lymfocyst
[1]. Zadny z vy$e uvedenych rizikovych faktori ale
nebyl dosud jednoznacné akceptovan a potvrzen
v dosud publikovanych studiich.

Prokdzanym protektivnim faktorem je operacni
technika, pfi které je ponechano oteviené perito-
neum nad operovanou oblasti retroperitonea pii
onkochirurgickém vykonu. Za dalsi protektivni
faktor se povazuje ponechdani otevieného posev-
niho pahylu, omentoplastika nebo vyuziti novych
metod, jako je ultracision a ligaclip. Ligaclip mtze
uzaviit lymfatické cévy selektivné, a zabranit tak
lymforee v pooperacnim obdobi. Podle vysledkii
dence lymfocyst ve skupiné pacientek operovanych
pomoci ligaclipu neZ ve skupiné s bipolarni koagu-
laci [4]. Z farmakoterapie je zminovana jako slibna

metoda pooperacni aplikace oktreotidu. Preventivni
drendz za Gcelem sniZeni incidence lymfocyst po
operaci se ukdzala jako zcela ne¢inna. Ve studii
z let 1998-2000, ktera zkoumala vliv poopera¢ni
drendze na tvorbu lymfocyst, se po 12 mésicich od
operace ukazala incidence symptomatické lymfo-
cysty vrameni bez drénu 0,9 % a vrameni s drénem
5,9 %, coZ témerf dosahlo statistické vyznamnosti
pro hypotézu, Ze drenaZ retroperitonea naopak
zvySuje incidenci tvorby lymfocysty [3].

Zobrazovaci metodou prvni volby v diagnostice
lymfocyst je ultrazvuk. I v nasem souboru jsme
s vyhodou kombinovali vaginalni i abdomindlni
piistup pro detailni zhodnoceni retroperitonea.
Lymfocysty nejcastéji obklopuji externi ilické cévy
nebo se nachazeji ve fossa obturatoria. Méné casto
jsou detekovany podél spole¢nychilickych céva vyse
paraaortalné. V UZ obraze ma lymfocysta (obr. 1, 2)
tenkou sténu a tekuty obsah rtizné echogenity.
V piipadé zanétlivé zménéné lymfocysty je patrny
jejinehomogenni nebo smiSeny obsah a pri zatla-
Ceni ultrazvukovou sondou byva bolestiva. Dalsi
metodou zobrazeni lymfocysty je CT vySetfeni nebo
magnetickd rezonance malé panve. Diferencidlni
diagnostika zahrnuje vylouceni urinomu, sero-
mu, hematomu, abscesu a cystické recidivujici
neoplazie [6].

Lymfocysty bez klinickych symptomi nevyZza-
duji 1écbu. U symptomatickych lymfocyst jsme
v naSem souboru pfistoupili aktivné k 1écbé.
Vzdy se snazime o co nejméné invazivni piistup.
Perkutanni punkce a drendZ pod kontrolou UZ nebo
CT je jednoducha metoda, kterou lze kombinovat
s aplikaci sklerotizujici latky, nejcastéji etanolu
nebo betadine. Pouha aspirace obsahu lymfocysty
jehlou vykazuje nizkou tspésnost, recidiva lymfo-
cysty se uvadi v 80-90 %. I v nasem souboru jsme
zaznamenali recidivu lymfocysty po prosté punkci
a odsati v Sesti pfipadech z deseti, coZ znamena
recidivu v 60 % pripadi. Klasickym chirurgickym
feSenim je oteviena bfiSni operace s marsupializaci
lymfocysty. Laparoskopicky provedena marsupia-
lizace lymfocysty ma vyhodu miniinvazivniho vy-
konu, ale neni ve vsech piipadech technicky pro-
veditelna vzhledem k adhezim v dutiné bfiSni po
predchozim radikdlnim onkochirurgickém vykonu.
Podle velké retrospektivni studie Lucewicze a kol.
byla zaznamenana mnohem mensi recidiva po
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laparoskopické intervenci v porovnani s otevienou
brisni operaci nebo jednoduchou aspiraci (8 % vs.
16 % vs. 59 %) [10]. Chirurgickd 1écba symptomatické
lymfocysty v posledni dobé ustupuje do pozadi na
tikor metod intervencni radiologie. V soucasnosti se
klade diiraz na véasnou prevenci lymfocyst.

Podle poslednich pilotnich studii jsou vyvijeny
nové metody, tzv. chirurgické zatky. Zacina se
zkouSet kolagenova zdtka pfipravend z koagulac-
nich faktorti, ktera se jevi jako uzitecna dopliikova
metoda redukce pooperacni lymforey a prevence
tvorby lymfocyst po systematické lymfadenekto-
mii [12, 13].

ZAVER

V nasem souboru dosdhla celkova incidence
lymfocyst 33,3 %, coZ koresponduje s primérnou
incidenci popisovanou v literatute. Nejvyssi vyskyt
lymfocyst jsme pozorovali pooperacné ve skupiné
pacientek s nadorem vajecniku. Roz§iteni syste-
matické panevni lymfadenektomie o paraaortalni
oblast statisticky vyznamné nezvySovalo incidenci
lymfocysty (tab. 2). Asymptomatické lymfocysty
nepredstavuji vétsi zdravotni riziko pro pacientky.
Klinicky vyznamné jsou predevsim symptomatické
lymfocysty, které vyzaduji feSeni. V predloZené praci
jsme pozorovali 11,7 % symptomatickych lymfocyst
na celkovy pocet 111 pacientek, které podstoupily
lymfadenektomii. Do budoucna je nutné standardi-
zovat podminky, za kterych je indikovano provedeni
systematické lymfadenektomie, abychom zacho-
vali onkologickou bezpecnost chirurgického vyko-
nu a zaroveri dale zbytecné nezvysovali pooperacni
morbiditu pacientek. Problematika prevence vzniku
lymfocyst a detekce validnich rizikovych a protek-
tivnich faktort jejich vzniku vyzaduje do budoucna
prospektivni studie rozdélené dle jednotlivych typd
gynekologickych zhoubnych nadorti.

Préce vznikla za podpory MZ CR - RVO
(FNBr, 65269705).
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6. Zavéry

Habilitani prace je tématicky rozdélena do tii zdkladnich kapitol. V prvni kapitole “Nové
sérové a molekularné biologické nadorové markery a moZnosti jejich vyuziti v klinické
praxi” se autor zamé&fil na potencialni pfinos novych markeri (HE4, mikroRNA) v souvislosti
s diagnézou a progndzou karcinomu endometria a vajeniku. V piipadé vyuziti sérové hladiny
HE4 v diferencidlni diagnostice biologické povahy endometralnich 1€zi srovnava 150 benignich
nalezi se 150 pfipady endometroidniho histotypu karcinomu endometria a pii srovnavaci
analyze s konven¢nim markerem CA125 konstatuje statisticky signifikantni rozdil (p < 0,05)
pouze v ptipadé HE4. Pii cut-off 48,5 pmol/l byly pfi vyuziti modelu dosaZzeni maxima souctu
senzitivity a specificity ziskany nasledujici parametry - senzitivita 87,8%, specificita 56,6% a
AUC 0,773. Pfi analyze vyuziti HE4 ve stratifikaci low a high risk subtypu endometroidniho
histotypu karcinomu endometria prokazuje na souboru 115 pacientek HE4 leps$i diferencia¢ni
schopnost ve srovnani s CA125. U modelu dosaZeni maxima souctu senzitivity a specificity
vykazuje HE4 pfi cut-off 76,5 pmol/l pro diferenciaci téchto dvou skupin senzitivitu 72,4%,
specificitu 75,4% a AUC 0,77 (v ptipadé CA125 je senzitivita 62,7%, specificita 69,6% a AUC
0,701 pfi cut-off 24,0 IU/ml). Z tohoto pohledu predstavuje analyza sérové hladiny HE4
jednoduchy néstroj, ktery na zdkladé¢ doposud publikovanych studii mize podpofit nélez
zobrazovacich metod a byt ndpomocny v rozhodovani v souvislosti s individualizaci
diagnostického a lé¢ebného planu pacientek s patologii endometria. Na druhé stran¢ dosud
ziskané vysledky v soucasné dobé jest¢ nepredikuji moZnost zavedeni HE4 jako zcela
samostatného markeru do rutinni klinické praxe v této problematice.

V ptipad¢ vyuziti HE4 v diferencidlni diagnostice biologické povahy ovaridlnich rezistenci se
autor zamé&fil na analyzu nového nadorového indexu, tzv. CPH-I. Ten pfedstavuje perspektivni

alternativu kK ROMA indexu jiz etablovanému v klinické praxi. Pfinos této alternativy spociva
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v jeji jednodussi konstrukci na podkladé vyuziti jednoduSe dosazitelné proménné, kterou je veék
pacientky. Autorova prace byla ve spektru dosud publikovanych studii analyzujicich mozny
klinicky pfinos tohoto nového indexu teprve tieti a jeji originalita spocivad v zafazeni nejen
epitelidlnich karcinomd, ale i borderline tumort a neepitelidlnich ovaridlnich malignit. Analyza
rezultovala v podobnou diskrimina¢ni schopnost obou indexti bez statisticky signifikantni
diference (p > 0,05) v souboru celkem 267 pacientek. V diferenciaci benignich ovaridlnich
tumort od vSech stadii borderline tumorid a ovarialnich malignit (epitelidlnich i neepitelialnich)
vykazal ROMA senzitivitu 71% pfi specificité 88% a CPH-I senzitivitu 69% pii specificité 85%.
Pfi potvrzeni téchto vysledkti v dalSich studiich je CPH-I jist¢ potencialné vyuzitelny jako
jednodussi alternativa k ROMA, a to s vyhodou zejména na zékladni arovni 1ékarské péce.
Posledni ¢ast prvni kapitoly je vénovana zakladnimu vyzkumu tykajicimu se diagnostického a
prognostického vyuziti mikroRNA u karcinomu endometria a vajecniku, a to na podkladé¢
detekce deregulace exprese mikroRNA v moci a ascitu. Pfi analyze mikroRNA v moci byla
zjisténa signifikantné zvysend exprese miR-92a v kombinaci se signifikantnim snizenim exprese
mMIiR-106b u ovaridlniho karcinomu, zatimco u karcinomu endometria byla kromé signifikantni
down-regulace miR-106b detekovana signifikantni up-regulace miR-21. Tyto typy mikroRNA
by mohly byt dobrymi kandidaty inovativni diagnostiky urenymi k dal§im studiovym
hodnocenim. V souvislosti s uzitim moce jako biologick€ého materidlu pro analyzu exprese
mikroRNA vSak vyvstavaji dal§i okolnosti generované publika¢nim vystupem, napt. rozdil
v signifikanci vystupu deregulace exprese, ktera je vyjadiena pouze u supernatantu a nikoliv
u exosomalni mocové frakce mikroRNA.

Pti analyze nékolika stovek mikroRNA v ascitu, resp. peritonealni lavazi od 26 pacientek
s ovaridlnim karcinomem byla zji$téna signifikantn€ rozdilna exprese pii srovnani S kontrolnimi
vzorky plazmy od 34 zdravych postmenopauzdlnich Zen u 153 subtypi mikroRNA. Dalsi

hodnoceni se tykalo sedmi napadné exprimovanych mikroRNA, kde diskriminac¢ni schopnost
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vyjadiena pomoci AUC dosahovala parametri 1,0 (miR-200a, miR-200c, miR-141, miR-429,
miR-1290), 0,996 pro miR-200b a 0,885 pro miR-30a-5p. Analyza pieziti rezultovala v zavéry,
ze nizké exprese miR-200b je signifikantné spojena s del$im celkovym piezitim (HR: 0,25, mean
survival 44 months) ve srovnani s vysokou expresi miR-200b (HR: 4,04, mean survival
24 months). Z téchto zavera vyplyva dalsi potencial zkoumani ascitem derivovanych mikroRNA
jako diagnostického a prognostického markeru ovarialniho karcinomu.

V druh¢ kapitole “Radikalni primarni operacni 1é¢ba vybranych gynekologickych malignit
(karcinom vajecniku a vulvy) a sekundarni cytoredukéni chirurgie karcinomu vajeéniku”
vénuje autor pozornost profitu adekvatné radikalnich operaci u vybranych onkogynekologickych
diagndz na podklad¢ analyz vlastnich soubori pacientek operovanych v Onkogynekologickém
centru FN Brno. Publikace vénovana radikalni operacni 1écbé spojené s provedenim zadni
modifikované supralevatorové exenterace u 35 primarné pokrocilych karcinomi vajecniku
s konkomitantni rektalni invazi odrazi learning curve autorova tymu a soucasné¢ dokumentuje
profit tohoto pfistupu u adekvatné selektované kohorty pacientek. Autor dokumentuje piinos
tohoto pfistupu pii dosazeni makroskopicky nulového rezidua na konci operaéniho vykonu
statisticky signifikantni diferenci v DFI (p = 0,023) mezi skupinami pacientek bez rezidua a
s makroskopickym reziduem. V ptipad¢ optimdlniho debulkingu (RO) je konstatovan DFI 33,6
meésict, v piipadé makroskopického rezidua do 0,25 cm (R1) je DFI 19,6 mésici a u R2
(makroskopické reziduum 0,25 - 2,5 cm) dosahuje DFI pouze 14,3 mésict.

Dalsi smér zajmu autora se tyka hodnoceni benefitu sekundarni cytoredukéni operacni 1écby
u pacientek s platina-senzitivni recidivou ovarialniho karcinomu. Na souboru 62 recidivujicich
zen je dokladovana zivotaschopnost tohoto pfistupu pii citlivé selekci pacientek vhodnych
ke kombinaci operacni cytoredukce (s cilem optimalniho debulkingu) a chemoterapie. Analyza
vysledkl pfinesla statisticky signifikantni rozdily mezi obéma skupinami tykajici se jak DFS

(p = 0,010), tak OS (p = 0,007). Ve skupin¢ pacientek s kombinaci 1é¢ebnych modalit bylo
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dosazeno DFS 49,8 mésicit a OS 54,0 mésicl, ve skupiné nemocnych lécenych pouze
chemoterapii byly parametry DFS a OS 16,6, resp. 26,2 mé&sicu.

Posledni cast této kapitoly je vénovana chirurgickému stagingu pacientek s invazivnim
dlazdicobunénym karcinomem vulvy a zhodnoceni prognostickych faktord lokélni recidivy
pfi volném resekénim okraji pii primarni operaci. Hlavni diraz v analyze je koncetrovan pravé
na vliv rozsahu volného resekéniho okraje pfi primarnim vykonu, coz je prognosticky faktor
zasadné ovlivnitelny onkogynekologem-operatérem. Zhodnocenim souboru 47 pacientek byla
konstatovana statisticky signifikantni diference z hlediska rizika lokalni rekurence mezi
skupinami s volnym resekénim okrajem < 8 mm a > 8 mm (HR: 4,91, p = 0,003).

Tteti kapitola “Specifika a komplikace radikalni operacni 1é¢by malignit gynekologickych
panevnich orgint” je clenéna do tfi Casti. Prvni c¢ast vénovand vyskytu malignit
v reprodukénim obdobi Zivota Zeny se zabyva moznostmi fertilitu zachovavajici operacni 1écby
u vybranych gynekologickych malignit. Kromé souhrnné prace s kazuistickym sd€lenim
vénované raritni, ale wvelice citlivé problematice ovaridlnich epitelidlnich malignit
v adolescentni populaéni skupiné€, je hlavni pozornost autora zaméiena na analyzu vlastniho
souboru pacientek. Je pfilozen publikaéni vystup hodnotici onkologické, pfipadné reprodukcni a
perinatologické vysledky 13 pacientek (9 s karcinomem ovaria a 4 s karcinomem délozniho
hrdla) lé€enych v obdobi 2009-2013 a nasledné minimalné dva roky dispenzarizovanych
v Onkogynekologickém centru FN Brno. V remisi zlstalo 12 pacientek, rekurenci byla postizena
jedna Zena s neepitelialni ovarialni malignitou. Snahu o graviditu deklarovaly v tomto omezeném
casovém obdobi celkem 4 pacientky a bylo dosazeno Sesti gravidit (u dvou pacientek
s ovaridlnim a u ¢étyf s cervikalnim karcinomem v anamnéze). Ctyfi pacientky porodily, z nich
jedna v terminu po operaci pro ovaridlni karcinom. V souladu s riziky pacientek
po trachelektomii se v téchto trech ptipadech jednalo dvakrat o pied¢asny porod ve 34., resp. 37.

tydnu tchotenstvi a jednou o porod cisafskym fezem vzhledem k rigidnimu, projizvenému
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déloznimu hrdlu. Prezentovany soubor tykajici se Casové omezeného obdobi je sice pocetné
nevelky, nicméné jeho vysledky prokazuji opravnénost fertilitu zachovavajiciho piistupu
pfi splnéni danych indikacnich kritérii.

Dalsi c¢ast kapitoly vénuje autor specifické problermatice radikdlni onkogynekologické
operativy, kterou je systematickd retroperitonedlni lymfadenektomie. Jeji rutinni zvladnuti
v rozsahu panve a dolniho bficha je nezbytnou soucasti praktické erudice nutné pro provedeni
kompletniho chirurgického stagingu u vétSiny gynekologickych malignit (s vyjimkou karcinomi
vulvy a distadlni Casti pochvy drénovanych do inguinofemordlni oblasti). Svoje klinické
zkusenosti doplnéné vlastni obrazovou dokumentaci prezentuje autor v souhrnné praci v ¢esko-
jazy¢ném recenzovaném casopise. Zaméfuje se na fyziologii cévni anatomie téchto oblasti,
podava piehled nejcastéjSich abnormit a elementarni nastin feSeni poranéni cévnich struktur
z pohledu onkogynekologa-operatéra.

Posledni ¢ast kapitoly je vénovana operacnim komplikacim radikdlnich onkogynekologickych
vykontl. Soucasti publikac¢nich aktivit vénovanych této problematice jsou krom¢ souhrnné prace
publikované v ceskojazyéném recenzovaném casopise popisujici zékladni déleni komplikaci
doplnéné vlastni kazuistikou dalsi dvé sdéleni. Prvni je soucasti analyzy benefitu 35 primarnich
extendovanych cytoredukci spojenych se zadni modifikovanou supralevatorovou exenteraci
u pokrocilych ovaridlnich karcinomi. Tento typ exenterace je vysoce efektivni metodou
k dosazeni optimalniho debulkingu u lokalné prokrocilych ovaridlnich karcinomt s ptimou
invazi rektosigmatu, na druhé stran¢ vSak neni mozné opomijet morbiditu asociovanou s timto
typem vykonu. Autor na zakladé Clavien-Dindo klasifikace konstatuje pfitomnost operacnich
komplikaci u 83% pacientek. NejcastéjSim typem komplikaci byly ¢asné pooperacni komplikace
postihujici 65,7% pacientek, mezi nimi dominoval klinicky vyjadfeny anemicky syndrom
vyzadujici aplikaci krevni transfuze. Mezi peropera¢nimi komplikacemi postihujicimi 31,4%

pacientek dominovala zavazna hemoragie definovanid krevni ztratou ptesahujici 1500 ml.
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Nejméné Casté byly pozdni pooperacni komplikace postihujici 25% pacientek, mezi nimi byla
dominantni pfitomnost symptomatické lymfocysty. Zavazné komplikace (IIL.-IV. stupn¢) se
vyskytly u 37,7% pacientek, nebyl vSak zaznamenan zadny piipad mortality asociované
s operacnim vykonem. Pfestoze vysledky reprezentuji inicialni learning curve s jednozna¢nou
tendenci k redukci komplikaci s poctem odoperovanych piipadl, je vzhledem k extremni
invazivité tohoto pfistupu nezbytné zdlraznit mysSlenku individualizace lécebného planu
u kazdého z jednotlivych ptipadd pokrocilého ovaridlniho karcinomu s pravdépodobnou invazi
rektosigmatu.

Druh¢ sdéleni vénované problematice operacnich komplikaci radikalni onkogynekologické
operativy se tyka specifick¢ problematiky lymfatického ascitu a lymfocyst, kterd je vazana
na provadéni systematickych retroperitonedlnich lymfadenektomii. Autor je soucasti tymu, ktery
provedl analyzu 111 pacientek lécenych v Onkogynekologickém centru FN Brno, které
podstoupily v prubéhu tii let v ramci chirurgického stagingu systematickou pelvickou nebo
aortopevickou lymfadenektomii v souvislosti s karcinomem délozniho hrdla, endometria a
vaje¢niku (vejcovodu, peritonea). Lymfocysta byla pfitomna u tietiny, tedy u 37 pacientek.
Procentuélni zastoupeni symptomatickych lymfocyst v celém souboru bylo 11,7%, coz odpovida
13 pacientkam. Pfi statistickém zpracovani nebyla zjiSténa statisticky vyznamna significance
incidence lymfocysty ve vztahu k rozsahu provedené lymfadenektomie (pelvicka vs.
aortopelvickd). Zasadni prevenci vzniku lymfocyst je ze soucasného pohledu ponechani

otevieného peritonea nad operovanou oblasti retroperitonea a klipovani lymfatickych kment.
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7. Souhrn

Obsah habilita¢ni prace je odrazem dlouhodobé systematické klinické praxe autora v oblasti
onkogynekologie. Jeho z4jem se déli dvéma zdkladnimi sméry. Prvnim je samotny pocatek péce
o pacientku s potencialné zhoubnym gynekologickym nadorem, a sice, jak pfispét k presnéjsi
stratifikaci pacientek vykazujicich podezieni na malignitu, a to uz na zakladni urovni lékaiské
péce; pripadné poskytnout informaci o progndze pacientky s jiz diagnostikovanou malignitou
pfi vyuziti jednoduchého, dostatecné citlivého a ekonomicky efektivniho nastroje. Tento néstroj
predstavuji napt. biochemické nebo molekularné biologické markery stanovitelné ze snadno
dostupného biologického materidlu (napf. z moce nebo krevniho séra). Klinicky vyznam
nadorovych marker je jednou z nejdiskutovangjSich otazek odbornikd, ktefi se touto
problematikou zabyvaji. Jejich stanoviska jsou nekonsenzudlni od tUplného zatraceni az
k naprosto zasadnimu vyznamu. Zavéry, které poskytuji ptivodni prace autora, nekoresponduji se
zaddnou z vySe uvedenych “extrémnich” variant, ale potvrzuji potencidlni Zivotaschopnost
novych biochemickych nddorovych markert a indexi pro klinickou praxi v rdmci komplexniho
diagnostického algoritmu u analyzovanych typl malignit, tj. vaje¢niku a d€lozniho téla.
Pokracovani ve vyzkumu této problematiky se jevi raciondlni v souvislosti s novymi
skutenostmi a mozZnostmi, které se objevuji, napi. v podob¢é vyuziti mikroRNA
v onkogynekologickém vyzkumu. Vysledky a komparace dalSich studii musi teprve prokdzat
jejich skuteény diagnosticky potencial s moznosti posunu ze zékladniho vyzkumu do aplikace
v klinické praxi.

Druhy smér autorova zajmu podlozeny vlastni dlouhodobou klinickou praxi je radikéalni operacni
lécba vybranych gynekologickych malignit a analyza jejiho benefitu pro prognézu pacientek.
Samotna kompetence v operaénim managementu gynekologickych zhoubnych nadorti, ktery se

vyznacuje fadou specifik, prezentuje naprosto esencialni dovednost, kterou musi onkogynekolog
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disponovat. Zavéry puvodnich praci autora tykajici se primarnich a platina-senzitivnich
recidivujicich malignit vajecniku a primarnich karcinoml zevnich rodidel dokladuji, Ze
adekvatni radikalita operace je vysoce u¢innym ndstrojem, ktery umoziuje zlepSeni prognozy
nemocnych, a to i pfes soucasny multimodalni pohled na onkologickou problematiku a
dynamicky rozvoj cilené 1écby. Na druhou stranu vSak nelze opomijet s radikalitou asociovanou
morbiditu. I tato skutenost je autorem respektovana a v analyzovanych souborech je kladen
diraz na mySlenku racionalni selekce pacientek pro tyto typy operac¢nich vykont
s respektovanim trendu individualizace pfistupu, tj. stanoveni optimalniho rozsahu a radikality
operace u kazdé pacientky na zakladé zhodnoceni souboru prognostickych faktort. Zadoucim
vysledkem je maximalizace efektu dlouhodobého ptezivani pacientek pii zachovani dostatecné

kvality zivota.
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8. Summary

The content of the habilitation thesis reflects author’s long-term systematic clinical practice
in the field of oncogynecology. His interest is divided into two basic aims. The first one
is the beginning of the care of a patient with a potentially malignant gynecological tumor,
namely, how to contribute to more precise stratification of patients with suspected malignancy
at the basic level of medical care; or to provide information about the prognosis of a patient
with already diagnosed malignancy using a simple, sufficiently sensitive and cost-effective tool.
This tool can be presented, for example, by a biochemical or molecular biology marker
determined from readily available biological material (e.g., from urine or blood serum).
The clinical significance of tumor markers is one of the most discussed questions of experts
dealing with these issues. Their opinions are non-consensual, from total damnation to absolutely
essential support of this tool. Conclusions which are provided by the author’s original works do
not correspond to any of the above-mentioned “extreme” variants but confirm the potential
viability of new biochemical tumor markers and indexes for clinical practice within
the comprehensive diagnostic algorithm for the analyzed types of malignancies, ie. ovarian and
endometrial cancer. The continuation in researching this issue seems to be rational in the context
of new facts and opportunities that are emerging, e.g. in the form of using microRNA
in oncogynecological research. The results and comparisons of other studies will have to
demonstrate their real diagnostic potential, with the possibility of shifting from basic research
into clinical practice.

The second aim of the author’s interest, supported by his own long-term clinical practice, is
the radical surgical treatment of selected gynecological malignancies and the analysis of its
benefit for the prognosis of patients. The competence itself in surgical management

of gynecological malignancies, which is characterized by a number of specifics, presents
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the absolutely essential skill the oncogynecologist has to possess. The findings of the author’s
original works related to primary and platinum-sensitive recurrent ovarian malignancies and
primary vulvar cancer show that the adequate radical surgery is a highly effective tool
for improving patient prognosis, even with a current multimodal view of oncology and dynamic
development of targeted treatment. On the other hand, it is not possible to ignore the morbidity
associated with radical surgery. This fact is respected by the author and the emphasis is placed
on the idea of rational selection of patients for these types of surgical procedures, while
respecting the trend of individualization of the approach, i.e. the determination of the optimal
extent of the radical surgery in each patient based on the evaluation of the set of prognostic
factors. The desired result is to maximize the long-term survival effect of patients while

maintaining adequate quality of life.
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9. Seznam zkratek

CA125 - Cancer (Carbohydrate) Antigen 125

HE4 - Human Epididymis Protein 4

mikroRNA - malé, proteiny nekodujici regula¢ni molekuly RNA
ROMA - Risk of Ovarian Malignancy Algorithm

CPH-1 - Copenhagen Index

FIGO - International Federation of Gynecology and Obstetrics
PET - Positron Emission Tomography

MR - Magnetic Resonance Imaging

CT - Computer Tomography

PDS - Primary Debulking Surgery

IDS - Interval Debulking Surgery

DFI - Disease Free Interval

OS - Overall Survival

PFI - Platinum Free Interval

AUC - Area under Curve

HR - Hazard Ratio

R - Residual Disease
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